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RESEARCH AND INTELLECTUAL 
ADVENTURE 


T is one of the paradoxes of to-day that, while 
science is now recognized as necessary to human 
welfare and national survival, and much more thought 
is given both in industry and in government service 
to the conditions under which scientific research can 
be most fruitfully pursued, limitations on the freedom 
of the scientific man to follow his own bent and to 
publish and discuss his work freely are increasingly 
encountered. Even those who reject the more 
extravagant claims for planning and organising 
research have seldom, however, examined in any 
detail the effect of planning on the conduct of research 
or considered how far planning is compatible with the 
intellectual adventures of the individual from which 
the important discoveries in scientific research have 
come. It is, indeed, recognized that great scientific 
discoveries usually evade direction and organisation 
as surely as does the creation of great music or 
poetry, or sculpture or art. Some voices have indeed 
been raised in favour of giving the man of science his 
equipment and his broad problem, and leaving him 
alone to find the solution; and the bearing of age 
on creativeness has been discussed in a series of 
papers, by Prof. H. C. Lehman, on man’s most 
creative years. 

A more fundamental examination of the problem 
has been attempted by Dr. F. W. Bronk in his 
Benjamin Franklin Lectures at the University of 
Pennsylvania and published last year under the title 
“Changing Patterns in American Civilisation”. Dr. 
Bronk recognizes that, besides this aspect of intel- 
lectual adventure, men of science have a second 
purpose, even more difficult to achieve, namely, the 
desire to bring order out of chaos. To grasp suddenly 
the relation of previously unrelated facts and thus 
to see their relevance is to experience a deep xsthetic 
satisfaction, to the reality of which the passages, 
quoted by F. R. Japp in his Kekulé Memorial Lecture. 
in which Kekulé describes the origin of his Structur- 
theorie and benzene theory, are a well-known testi- 
mony. It is in this phase of scientific endeavour that 
facts and observations are formed into the structure 
of knowledge which is the foundation for further 
discoveries. This, as Dr. Bronk observes, is the role 
of the scientific worker's creative imagination ; with. 
out freedom and leisure for the play of his imagin- 
ation, he becomes only a fact-gatherer, dealing with 
the bare bones of science, unarticulated and unclothed 
with the flesh of meaning. We must in our planning 
preserve an environment in which this freedom will 
be nurtured, whatever the pressure of immediate 
needs. It is unlikely that the imagination of the man 
of science will often leap to a specified goal; or 
that a chaos of facts will similarly fall into an 
ordered, predetermined pattern useful for a certain 
end. 

Society will therefore gain most from scientific 
workers, Dr. Bronk observes, if they are given free- 
dom to observe, to experiment and to think; and 
scientific research must be respected not only as one 
of the great adventures of the human mind, but also 
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as an expression of creative imagination, which is 
nurtured and flourishes under much the same con- 
ditions as great art and literature and other cultural 
activity. It follows from this that it is well at times 
to look upon the process of scientific investigation 
not as a thing apart but as one of the creative 
imaginative processes to which mankind owes so 
much in many fields. If we understocd more fully 
the similarity between the imaginative processes of 
poet and man of science, for example, we should see 
more clearly the dangers inherent in the planning 
and control of research. 

This point was well brought out by Mrs. Jacquetta 
Hawkes in a recent talk on her father, the late Sir 
Frederick Gowland Hopkins, and scientific imagina- 
tion, broadcast in the B.B.C. third programme. Her 
father, she suggested, owed some of his genius to the 
poet’s imagination which he shared with his cousin 
Gerard Manley Hopkins, the poet, and that, like a 
poet, Gowland Hopkins possessed a private world, 
the coherence of which enabled him to see as a 
glorious whole facts which others saw only as frag- 
ments. She quotes as illustration Sir Charles Sher- 
rington’s recollection of an occasion when speaking 
quietiy to a small audience in a gaunt lecture room, 
Gowland Hopkins conjured up a convincing picture 
of the living cell. ‘As I listened,”’ said Sir Charles, 
“T felt I was privileged for the time to see something 
of the microcosmic world in which my friend’s 
scientific thought took shape and did his bidding.” 
Such a world is, of course, created by a personal 
imagination, and such thinking demands, as Sir 
Charles commented, ‘“‘a peculiar intensity of visual 
imagination’’—words which recall Dr. Edith Sitwell’s 
recent comment on Gerard Manley Hopkins’s 
“acute and piercing visual apprehension”. But Mrs. 
Hawkes did not simply stress this revelation of the 
unity of the human mind. She made also the practical 
point that the very strong reasons for the direction 
of research do not make it less wise to remember 
this intuitive type of scientific worker, the original 
genius, who can open new roads for others to widen 
and extend. Such a mah may be as easily stultified 
as any artist, and her comparison of this type of 
mind to a sea-anemone with its tentacles of per- 
ception outspread in the water is appropriate ; 
a clumsy intrusion and the anemone closes. Just 
such a withdrawal may be caused in this type of 
mind by quite a slight sense of supervision or 
direction from outside. 

Considerations of this order indicate the real 
danger to science, both in the planning of research 
and the clearance regulations for Atomic Energy 
Commission fellowships in the United States, with 
which the American Association for the Advancement 
of Science has recently been so concerned. This 
sensitiveness cannot be disregarded, although it is 
most pronounced in only a minority of the most 
creative workers. Nevertheless, it is worth while 
pursuing further the study of the working of the 
scientific imagination, and there is an interesting 
sentence which Mrs. Hawkes quoted from an attempt 
of her father to describe to her his method of thought. 
Describing how on a moth-hunting expedition in 
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Kew Gardens he found a purple underwing, he said, 
“I become conscious of something strange in my 
experience, it takes shape and I am able to 
capture it’’. 

This parable of the way in which Gowland Hopkins 
said his mind had always worked will at once recall 
the study in the ways of the imagination which J. |. 
Lowes published in 1927 under the title ‘“The Road 
to Xanadu”. Here again is the deep well in which 
goes on the same incessant activity of combination 
and amalgamation, and the shaping spirit which 
achieves the magical synthesis out of chaos. Dr. 
Lowes was dealing with the poet’s mind, but he 
noted how in “Science et Methode’’ H. Poincaré 
had already postulated, on the basis of personal 
experience, a similar activity in the mind of the man 
of science, and described the essential part which 
the unconscious mind plays in mathematical 
discovery and the relation of that unconscious 


element to conscious intellectual activities before 


and after. 

Dr. Lowes quotes one sentence from Poincaré which 
recalls an observation of Sir J: J. Thomson. Poincaré 
wrote: “This unconscious work . . . is not possible, 
or in any case not fruitful, unless it is first preceded 
and then followed by a period of conscious work”. 
Sir J. J. Thomson observed in his presidential address 
to Section A at the centenary meeting of the British 
Association: “I think it helps one to get new ideas 
if the mind does not dwell too long on one’s subject 
without interruption, and if now and then the thread 
of one’s thought is broken. It is, I think, a general 
experience that new ideas about a subject come when 
one is not thinking about it.” Later, in ‘“Recol- 
lections and Reflections”, he added: “though one 
must have thought about it a good dea! before”’, and 
continued: “It is remarkable that when ideas come 
in this way they carry conviction with them and 
depose without a struggle ideas which previously had 
seemed not unsatisfactory”’. 

What Dr. Lowes insists on is, however, not merely 
that the poetic imagination has much in common 
with the scientific imagination, that both work on 
facts and not in a vacuum, that the products of both 
are transmuted facts, but also that imagination works 
its wonders through the exercise, in the main, of 
normal and intelligible powers. The operations he 
traces in his study of Coleridge’s mind are, he 
suggests, in essentials, the stuff of general experience. 
Creative genius works through processes which are 
common to our kind, but these processes are super- 
latively enhanced. The ‘‘deep well of unconscious 
cerebration” underlies the consciousness of us all ; 
but for genius its waters are possessed of a peculiar 
potency. The faculty which conceives and executes, 
operates with sovereign power ; and, for genius of the 
highest order, with imagination curbing and guiding 
the clustering associations which throng up from the 
nether depths of consciousness, it is controlled by a 
will which serves as a vision, seeing in chaos the 
potentiality of form, whether of poetic beauty or the 
unfolding conception of an ordered universe into 
which the immense confusion of phenomena is 
drawn. 
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The “Road to Xanadu’’, as Lowes traces it, is thus 
the road of the human spirit and imagination 
voyaging through chaos and reducing it to clarity 
and order; and it is, as he says, the symbol of all 
the quests which lend glory to our dust. The long, 
slow storing of the well; the flash of amazing vision 
through fortuitous suggestion ; the exacting task of 
translating the vision into actuality: it is not for 
nothing that they are paralleled in the experience of 
Poincaré or Gowland Hopkins, and it is worth 
looking at them again from the particular point of 
view of the man of science in his method of approach 
to the tasks ahead. 

Poincaré himself seeks the explanation of this 
sudden ilhumination in that period of preliminary 
conscious work which always precedes all fruitful 
unconscious work. He rejects the idea of pure chance, 
and suggests rather that the future elements of our 
combinations may be regarded as something resem- 
bling Epicurus’s hooked atoms, the mutual collisions 
of which during a pericd of apparent repose but of 
unconscious work may produce new combinations 
and provide fresh points of departure for our cal- 
culations. Poincaré’s emphasis lies not merely on 
this inspiration but equally on the second and 
following period of conscious work, with its demand 
for discipline, attention, will and consequently 
consc 1ousness. 

It is interesting to compare this view with some 
remarks which Sir Henry Dale made two years ago 
in an address on “Accident and Opportunism in 
Medical Research”. Sir Henry suggests that it may 
be one of~the most important qualifications for 
success in research that a man should know by the 
sub-conscious reasoning which we call instinctive 
judgment whether what appears to be an accident 
a phenomenon presenting itself quite unexpectedly 
is just a nuisance, the result of some trivial error, so 
that the further study of it will lead to nothing but 
waste of time and energy, or whether, on the other 
hand, it offers a possible clue to a new discovery of 
real importance which ought to be followed even at 
the cost, perhaps, of a diversion from the original 
objective. 

The vital factor is, in fact, the alert and re- 
sponsive mind, able to recognize and profit by 
accidents, and Sir Henry does not suggest that 
accident is the principal factor in research of any 
type. Accidents of the type he reviews in this address 
do not, in fact, as he says, happen to the merely 
fanciful speculator who waits on chance to provide 
him with inspiration. They come rather to him who, 
while continuously busy with the work of research, 
does not close his attention to matters outside this 
principal aim and immediate objective, but keeps it 
alert to what unexpected observation may have to 
offer. “I certainly do not believe,”’ said Sir Henry, 
“that any research work of permanent value is done, 
or any discovery of importance soundly established, 
without a great deal of hard, systematic, and con- 
scientious work.” 

Those words echo Sir J. J. Thomson’s conclusion, 
and although Sir Henry does not comment on the 
discontinuity which Dr. Lowes and Sir J. J. Thomson 
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emphasize, his words recall one observation which 
Dr. Lowes makes on Coleridge, namely, that Coleridge 
not only read books with minute attention, but he 
also habitually passed from any given book he read 
to the books to which that book referred. The well 
must be filled assiduously and diligently, and if it is 
also important that there should be a balance between 
accumulated knowledge of the art and quick insight 
unhampered by experience, we may perhaps see 
here a clue to the real way in which the age factor 
operates. 

Experience clearly tends to deepen the well, and if 
it is the unconscious mind uninhibited by precon- 
ceived ideas that stirs the waters and brings about 
the new combinations of images from which issue the 
new conceptions and the flash of genius, we may 
find a clue to the influence of age and the tendency 
for creativeness to be greatest in earlier rather than 
in later years in the well-known weakening of the 
conscious memory with advancing years. Resilience 
and alertness, after all, are characteristics of the 
youthful mind ; but youth does not have a monopuly 
in these qualities, as the work of many a senior 
investigator has shown. 

Even so, generalization is unwise. Inventiveness is 
not necessarily the same as creativeness, as Liebman 
is inclined to assume ; and the subconscious stripping 
of the film of memory and the stirring of the images 
in the deep well may not be identical with the 
deliberate reconstruction process which comes with 
increasing difficulty to older minds. Experience and 
judgment as well as youth must have their place in 
the research team and among our independent creative 
workers if mankind is to draw the fullest benefits from 
the scientific effort of our time. Nor should we forget 
the warning of the neurologist, C. J. Herrick, against 
ignoring the troublesome personal ingredients in 
original scientific investigation. For all the bias they 
bring, personal attitudes, interests and preconceptions 
are key factors and may shape the whole course of 
the investigation. To neglect these components of 
scientific work and the satisfactions of a successful 
outcome is, as Herrick says, to sterilize both the 
process and the results of the inquiry by throwing 
into the discard the vital germ of untrammelled 
imaginative thinking. 

The universality and spontaneity of the imaginative 
process, not the age at which the mind is most 
creative, are the vital factors. Accordingly the main 
problem for us is to determine and to ensure and 
safeguard the conditions for creative work in which 
the mind has free play. No doubt it would be in- 
teresting to study the ways of the scientific note- 
books, writings and reading of some of our scientitic 
geniuses, of men of the calibre of Gowland Hopkins, 
in the way in which Dr. Lowes has re-traced the 
obliterated vestiges of Coleridge’s creation. But its 


value would depend largely upon our ability to use 
such a revelation or reconstruction to explain to the 
society in which we live exactly why the preservation 
of freedom of investigation, of thought and of utter- 
ance is a condition for the continuance not only of 
science but also of culture in general and the great 
tradition which Western civilization has inherited. 
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CAMBRIDGE MONOGRAPHS ON 
PHYSICS 


Cambridge Monographs on Physics 
(1) Excited States of Nuclei. By Prof. 8S. Devons. 
Pp. ix+152. (2) Surface Tension and the Spreading 
of Liquids. By Dr. R. 8. Burdon. Pp. xiv+92. 
(3) Oscillations of the Earth’s Atmosphere. By Dr. 
M. V. Wilkes. Pp. ix+76. (4) Adsorption of Gases 
on Solids. By A. R. Miller. Pp. ix+133. (5) Some 
Recent Researches in Solar Physics. By F. Hoyle. 
Pp. xi+134. (Cambridge: At the University Press, 
1949.) 12s. 6d. net each. 

OR about a decade we have been starved of 

British books—especially British scientific books 

—and it is surely a matter for some gentle rejoicing 
that a positive spate of five “Cambridge Monographs 
on Physics” has burst upon us. 

Every physicist who attempts to keep abreast of 
his time knows the practical impossibility of doing 
so without such help as is given, and can only be 
given, by such masterpieces of compression as these 
volumes afford. The editors are to be congratulated 
on persuading five such authorities as R. S. Burdon, 
S. Devons, F. Hoyle, A. R. Miller and M. V.\ Wilkes 
to write on the subjects of their special interests. 
The price, 12s. 6d., seems to my tax-burdened self a 
little stiff; but I arn bound to admit that the value 
is good. 

I felt myself a certain difficulty in reading some of 
the chapters—understandable in view of the com- 
pressed style inevitably used—and I venture to 
suggest that short introductions or summaries at the 
beginning or end of each chapter would prove a most 
helpful and useful feature. This is quite usual in 
original papers, ani it certainly is a valuable help. 
There is no need to say that the printing is uniformly 
good. 

Let us have more and more of these Monographs, 
even if the editors carry out their welcome threat of 
giving a lot of attention to nuclear physics. 

R. WxHIppInecTon 


(1) In his book “Excited States of Nuclei’, Prof. 
8S. Devons successfully attempts to give an account 
of our present knowledge of nuclear levels (up to 
1948). A review of this kind can be, of course, by 
no means final. rimental evidence is still 
mounting and is guided only little by theory. Prof. 
Devons adopts a very justifiable course : he sets out 
on @ phenomenological description of the results of 
study and succeeds in classifying and presenting 
them on less than 150 pages. 

Although there is no sharp dividing line, the author 
finds it convenient to collect information about 
nuclear levels in two groups: those corresponding to 
bound states and those to virtual states. A further 
chapter deals with radiative transitions. In these 
chapters is contained a most thorough discussion of 
nuclear states. Theoretical results are ted here 
only as far as they are pertinent, but in a further 
chapter Prof. Devons investigates in more detail the 
applicability of the various theories to the inter- 
pretation of nuclear spectra, and in particular the 
work of Wigner and his school, as well as the fit of 
the various models. 

The scope of this book does not allow of description 
of experimental technique, though neutron spectro- 
metry is singled out by a rather more favourable 
treatment. Nor is there space to state more than 
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results only of theoretical methods ; yet it would be 
useful here to mention more names and to give more 
references, and Frenkel’s name should not be omitted 
when describing the statistical method. 

An author’s index in the next edition would he 
welcomed by readers of this book, which every student 
of nuclear physics will be pleased to possess. 

E. W. KeL_LERMANY 








(2) Surface tension has been of interest te she 
physicist in the past mainly because it ia 4 of the 
few large-scale manifestations of the exi.teare of 
intermolecular forces. However, owing to difficulties 
in experimental technique and to complexities in 


theory, the information obtained from a study of | 


surface tension has been, on the whole, disappointing, 
and our present knowledge of intermolecular forces 
has been largely obtained from other sources. 

To the physical chemist and the chemical engineer, 
on the other hand, the allied phenomena of spreading 
of liquids on other liquids and solids, the formation 
of monolayers, the flotation of minerals, and so on, 
have been of great advantage, and it is on these 
topics that the larger and more successful part of 
Dr. R. 8S. Burdon’s monograph is concerned. His 
account of experimental work on spreading and 
flotation (chapters 4-7) is an admirable summary of 
the extensive and scattered literature on these sub- 
jects. Chapters 2 and 3, on “Measurement of Surface 
Tension” and “The Surface of Liquid Metals”, are 
also very good accounts of available experimental 
methods in a formidably difficult field. 

Chapter 1, on “The Nature of Surface Forces’’, is 
not quite so satisfactory ; one might surely expect a 
more thorough discussion of fundamentals than Dr. 
Burdon provides. The notion of surface energy is 
admittedly more convenient than the original concept 
of surface tension ; but it is meaningless to deny the 
existence of surface tension, as is done in §1. 

The physical background of the subject should be 
given a little more weight in a monograph of this 
kind. A further valuable improvement would be 
either a collected list of references at the end of each 
chapter or an author index. M. M. Nrcorson 


(3) It has been known since the eighteenth century 
that the daily variation in the barometric pressure at 
sea-level is principally semi-diurnal in character, and 
it was pointed out by Kelvin in 1882 that this 
phenomenon could be explained if the atmosphere 
has a free oscillation of period about twelve hours, 
so that the semi-diurnal tide exerted by the sun is 
magnified by resonance. Kelvin’s suggestion is the 
origin of the ‘resonance theory’ with which Dr. M. V. 
Wilkes’s book, “Oscillations of the Earth’s Atmo- 
sphere”’, is largely concerned. Since Kelvin’s time, 
many attempts have been made to determine the 
periods of free oscillation of the atmosphere ; but the 
existence of a twelve-hour period was only proved in 
1937, when Pekeris extended the theory outlined by 
G. I. Taylor in 1936. Since then, Dr. Wilkes, in 
collaboration with K. Weekes and with the mechanical 
assistance of the Cambridge differential analyser, has 
considered the problem further and has succeeded in 
firmly establishing the resonance theory. 

The present book describes in detail the mathe- 
matical formulation of the problem of oscillations 
excited by gravitational action in a rotating atmo- 
sphere (Chapter 2) and the methods by which the 
resulting equations may be solved (Chapter 3). A 
very helpful physical interpretation of the mathe- 
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matical theory is then given (Chapter 4), and finally 
(Chapter 5). there is a full discussion of the extent to 
which experimental facts may be explained by means 
of the theory developed in the preceding chapters. 
The first chapter gives a general introduction to the 
subject by reviewing the experimental data and 
historical development. : 

The book is well arranged and illustrated, and will 
undoubtedly prove most valuable to all who are 
concerned with atmospheric phenomena. 

P. NicoLson 


(4) The monograph, ‘““The Adsorption of Gases on 
Solids”, is @ sequel to that entitled “Some Problems 
in Adsorption”, by the late J. K. Roberts, which was 
published in 1939. Since then, statistical theories 
relevant to adsorption problems have been widely 
investigated and developed, necessitating a complete 
revision of Roberts’s “Tract” in order to bring it up 
to date. This has been well done by the present 
author. 

Starting with a survey of the experimental 
methods; the beautiful experiments of Roberts upon 
accommedation coefficients and the adsorption of 
hydrogen upon tungsten are summarized, and 
Knudsen’s theory of accommodation coefficients 
developed. The following two chapters discuss the 
theory of adsorption of heat for mobile and immobile 
films. In the first of these the Langmuir adsorption 
isotherm is introduced, and the theory of adsorption 
of heat with fixed interaction between two 
particles adsorbed on neighbouring sites is developed. 
The variation of potential energy over the surface 
necessitates a modification of this simple hypothesis, 
and this is discussed in the next chapter where the 
results for different inverse power laws of inter- 
action are compared with those given by the simpler 
theory. In the succeeding chapters the process of 
the formation of adsorbed films, evaporation pro- 
cesses and other types of adsorption are considered. 
Ths final chapter deals with dipole interactions and 
the modifications to adsorption processes to which 
these attractive forces give rise. 

The book is well produced with adequate references 
and index. It will be of great interest to many not 
directly concerned with work in this subject. 

F. E. Hoare 


(5) Solar physics comprises : (i) experimental tech- 
nique, (ii) solar observations, (iii) their translation, 
mainly by spectral analysis, into knowledge of the 
state of matter on the sun, and (iv) theories of ‘why’ 
this state obtains. This book by F. Hoyle deals with 
(iii) and (iv). Chapters 1 and 2 are surveys of the 
main phenomena (sunspots, chromosphere and corona, 
prominences and flares) ; the electromagnetic aspects, 
especially of solar cycles and flare conditions, are 
discussed further in Chapter 5. In Chapters 3 and 4 
the ‘why’ of chromosphere and corona is explained 
on the hypothesis of accretion of interstellar matter. 
A good case is made out, although the argument is 
involved and the auxiliary assumptions deserve fuller 
discussion. (A confusing slip in the crucial equation, 
15.3, appears also in the original paper (Mon. Not. 
Roy. Astro. Soc., 107, 184; 1947) of Bondi, Hoyle 
and Lyttleton.) Solar accretion plays a part in the 
remaining chapters—6 (terrestrial atmospheric effects) 
and 7 (radio emission)—and especially in an appendix 
on the origin of the solar magnetic field. The general 
field (ascribed to an ancient rich accretion) is taken 
to be of the order of fifty gauss. If, as is now sus- 
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pected, the general field is much smaller,. some 
arguments in the book presumably require further 
examination. 

The monograph is too brief for the material it has 
to cover, and the chapters begin and end too abruptly, 
without introductions or conclusions, The content 
of the book merits—and requires—close study. 

N. B. Stater 








WILD FLOWERS OF AMERICA 


American Wild Flowers 

By Dr. Harold N. Moldenke. (The New Illustrated 
Naturalist.) Pp. xxv-+ 453+ 64 plates. ‘(New York : 
D. Van Nostrand Co:, Inc.; London: Macmillan 
and Co., Ltd., 1949.) 52s. 6d. net. 


HIS work treats in a popular manner a selection 

of the wild flowers of Canada and the United 
States. The total flora of that area has been estimated 
as comprising some thirty-two thousand species of 
flowering plants alone, so that a single volume which 
is not a mere catalogue of names could not do more 
than describe a small proportion of the whole. The 
selection here. adopted has been, first, @ restriction to 
the herbaceous species and, secondly, to these which 
are regarded as being most conspicuous or most 
interesting, criteria that are calculated to encompass 
most of the wild flowers that the casual visitor or 
the tourist is likely to notice. Actually, more than 
two thousarid kinds are mentioned, and, of these, 
eighty-eight species are portrayed by reproductions 
of photographs in colour and seventy are represented 
in black-and-white. Mostly these species are shown 
as they occur in their natural environments, which 
adds materially to the charm and value of the 
illustrations. The descriptions are grouped according 
to the taxonomic relationships and vary greatly in 
respect to the amount and type of information 
provided. 

The drawback to any work which is concerned with 
a selection only of a flora or fauna is the unhappy 
feeling that the plant or animal about which the 
reader may wish to learn something, if only its name, 
happens to be one of those that are omitted. Such 
selective works, if they are to avoid any sense of 
frustration, should therefore aim at providing 
diagnostic characters that are unequivocal. Here we 
find, for example, that of the thirty species of Amer- 
ican aquilegias eighteen are mentioned but are 
characterized in the main by their colour differences 
and geographical provenance. Again, in the large 
genus Aster, of which some two hundred species are 
North American, twenty-five are here cited in varying 
degrees of adequacy that not a few readers may find 
unsatisfying. 

Nevertheless, though the text is often a poor guide 
to identity, unless we are concerned with one of the 
species so admirably illustrated, the reader’s attention 
is often drawn to features of interest such as the two 
types of flower borne by the milkwort Polygala 
polygama, of which some are showy and purple, 
others inconspicuous and borne on the horizontal 
underground branches; or, as other examples, we 
may mention the spread of Hrythronium by its 
droppers and the three types of flower in the pickerel 
weeds (Pontederia). But the miscellaneous inform- 
ation provided must not always be taken too 
seriously. Thus the remarkable inflorescence of the 
‘obedient plant’ (Dracocephalum virginianum) is here 
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stated to owe its popular name to the behaviour of 
the flowers which when displaced quickly return as 
though beckoned. In actual fact, the name is due to 
the flowers remaining in the position to which they 
are moved, indicative of a most unusual organisation 
in the region of attachment. Normally the flowers 
form four equally spaced vertical series ; but one can 
displace them laterally at will and the flowers, at 
least for a time, ‘stay put’. 

This work is one indeed that will be cherished 
mainly for its illustrations, which are mostly of a 
high order of excellence. E. J. SaLtspury 


MOSQUITO ECOLOGY 


The Natural History of Mosquitoes 

By Marston Bates. Pp. xv+379+16 plates. (New 
York: The Macmillan Company; London: Mac- 
millan and Co., Ltd., 1949.) 37s. 6d. net. 


T is a commonplace in biology that we know so 

much more about the ecology of animals when 
they are of economic importance. It was the enormous 
economics importance of the mosquitoes which led, 
thirty-five years ago, to the publication by Howard, 
Dyar and Knab of their monumental work on the 
mosquitoes of the Americas. Since that time there 
has been no such detailed review of existing know- 
ledge on the general biology of mosquitoes. But a 
mass of fact and hypothesis has accumulated in the 
literature. The appearance of a really full “Natural 
History of Mosquitoes” by Dr. Marston Bates is 
therefore most welcome. 

No one man can hope to have seen for himself all 
the complexities of mosquito life in all parts of the 
globe ; but his work for the Rockefeller Foundation 
has taken Dr. Bates to Albania and Macedonia, to 
Egypt, the West Indies, Central America and 
Colombia, so that his readings of the literature are 
enlivened by original observations in widely varied 
environments. His book was written in the course 
of his day-to-day work at a remote station in South 
America ; but any gaps (and they are not many) in 
his survey of the literature which this has made 
inevitable are more than compensated by the contact 
with the living mosquito, in the jungle that can be 
felt throughout his writing. 

One of the author’s chief objects is to make know- 
ledge of the behaviour of mosquitoes more readily 
available to students of general biological theory ; 
but his well-balanced and scientific treatment of all 
aspects of mosquito ecology in all stages of their 
development, including their relation to the spread 
of disease, their distribution and the principles of 
their classification, will be of even greater value to 
students of mosquitoes themselves. 

The discussion on the problems of species formation 
and biological races in the mosquitoes, and the 
opinions expressed on mosquito taxonomy and 
systematics, are as wise as they are interesting. 
While Dr. Bates rightly urges that this field of know- 
ledge would benefit enormously if it were more often 
cultivated by the professional biologist, undisturbed 
by the distractions of the public-health department, 
yet he is a trifle unsympathetic towards the efforts 
of the physiologists, for example, to define the 
mechanisms of orientation; and he is inclined to 
dismiss as obscurantist jargon what is, in fact, a real 
contribution to understanding. He makes a plea for 
the use of the old word ‘tropism’—an excellent word 
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in itself, but one which has been used in so many 
senses that, undefined, it means just nothing. He 
remarks that the location of a host by mosquitoes 
from a distance is entirely unexplained. But the 
visual orientation of mosquitoes in a wind as described 
by Kennedy (though not quoted in this book), 
coupled with a klinokinetic response to warm, humid 
and odorous air, will provide an entirely reasonable 


mechanism which could well be subjected to experi- | 


mental test. It is the mechanism by which thie 
Lasiocampid moth locates its mate a mile or so 
upwind. All that merely serves to show how right 
the author is in aiming at persuading the biologist to 
study the mosquito. 


The book concludes with a useful chapter on ; 


techniques used in the study of mosquitoes, and a 
long selected bibliography of works published since 
1913. It is well written and agreeably printed and 
produced. V. B. Wiecieswortx 


SOCIAL STRATA iN A MID-WEST 
TOWN 


Elmtown’s Youth 
The Impact of Social Classes on Adolescents. 


By 


Prof. August B. Hollingshead. Pp. xi+480. (New 
York: John Wiley and Sons, Inc.; London: 
Chapman and Hall, Ltd., 1949.) 302. net. 


T is significant that at present, when some people 
believe English social classes to be deliquescing, 
there is increased study of them, both here and in 
the United States, where occasionally wishful thinking 
causes them to be regarded as insignificant. 

The dust-cover of this book asserts that ‘‘class 
system” has an ugly sound; but it can have even 
uglier results. The book is by an associate professor 
of sociology at Yale University and his wife, who 
studied the impact of class-consciousness upon 753 
adolescents belonging to 535 different families in 
“Elmtown’’—a fictitious name for a small Mid- 
Western community—immediately before the effects 
of the Second World War were apparent locally. It 
expresses an attitude relatively new among socio- 
logists, “‘who hitherto have almost ignored the 
subject’’—that an adolescent’s “storm and stress’ 
arise less from “‘genes and hormones” than from the 
way in which a community regards his or her manner 
of growing up in it. 

A thorough investigation, using many methods, 
especially interview-techniques, was made. People 
long resident in the community were used as judges of 
their fellows’ prestige, status or class-position. They 
agreed that in this town there were five strata, 
though occasionally assigning a wife to one stratum 
and her husband to another. 

The adolescents said ‘“‘There are not supposed to 
be any classes, but there are’. An impressive finding 
was that the youth-training institutes were essen- 
tially negative in their aims, deliberately segregating 
adolescents from the real world. Often this was 
overt, for example, in the Lutheran Church’s pro- 
vision of counter-attentions to the high-school dance. 
The social stratification of the religious sects and of 
the complicated technique of ‘dating’ are especially 
interesting to British readers, who would like to see 
a similar investigation of a British town of com- 
parable size. T. H. Pear 
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By Dr. KENNETH P. OAKLEY 
Department of Geology, British Museum (Natural History), 
AND 
Dr. C. RANDALL HOSKINS 


Department of the Government Chemist 


EW, if any, fossils have given rise to more con- 
k troversy than the remains discovered by Charles 
Dawson in gravel at Piltdown, near Fletching, 
Sussex, and described in 1913 by Sir Arthur Smith 
Woodward as representing a new genus and species 
of man, Eoanthropus dawsoni. The geological age of 
‘Piltdown man’ was a matter of dispute from the 
first; moreover, this problem has latterly become 
linked with the question as to whether the thick but 
essentially human cranial bones and the remarkably 
ape-like lower jaw (and canine tooth) might be a 
chance association and represent two creatures of 
different geological ages. The present investigation, 
using the fluorine method for determination of the 
relative antiquity of fossil bones, has shown that the 
cranial bones and jaw-bone are of the same age, at 
the earliest Middle, more probably early Upper, 
Pleistocene. 


Earlier Evidence 


The Piltdown gravel is a thin remanié deposit in 
a terrace about 50 ft. above the River Ouse, con- 
taining fossil mammals of two distinct ages: a 
derived Villafranchian series (‘““Upper Pliocene’ of 
earlier authors, now classed as Lower Pleistocene), 
and a later Pleistocene group, in part at least con- 
temporary with the gravel. The “contemporary”’ 
group was classed by Dawson and Woodward' as 
“early Pleistocene”, but according to more recent 
authorities it is not earlier than Middle Pleistocene. 

To which of these two groups does Hoanthropus 
belong ? This might be thought a simple question to 
decide by comparison of the states of preservation 
of the various remains. Yet examination of the 
specimens from this very point of view has led 
different authorities to diametrically opposed con- 
clusions. In fact, anatomists regarding the mandible 
and canine tooth as anthropoid have felt free to place 
these with the Villafranchian group, and to dismiss 
the cranium as later Pleistocene and referable to 
Homo sapiens (cf. Marston’). This hypothesis is 
permissible in so far as manamalian remains of two 
ages (for example, “‘Stegodon”’, Villafranchian ; and 
Castor fiber, post-Villafranchian) occurred with 
Eoanthropus at the base of the dark gravel (ref. 3, 
pp. 83-85), but it would be erroneous to claim that 
none of the cranial fragments was closely associated 
with the mandible. Although the fragments of skull- 
cap were for the most part recovered loose on spoil 
heaps, Dawson states (ref. 1, p. 121) that Smith 
Woodward dug out a small portion of the occipital 
bone “from within a yard of the point where the jaw 
was discovered, and at precisely the same level”. 

In reading their first paper, Dawson and Wood- 
ward (ref. 1, pp. 123, 143) stated their view that the 
human skull and mandible, being practically unrolled, 
were contemporary with the gravel and therefore 
probably “Pleistocene”. However, in the discussion 
which followed, Sir Arthur Keith* argued that the 
skull should be assigned to the “Pliocene” group. 
He was influenced, he said, by the fact that in the 





Heidelberg jaw, of early Pleistocene date, the region 
of the chin was essentially human, whereas the 
Piltdown mandible showed simian characters. E. T. 
Newton’ said that the mineralized condition of the 
skull bones pointed to their being of “‘Pliocene” age. 
In replying to the discussion, Dawson admitted this 
possibility, for he said (ref. 1, p. 151): “... the 
occurrence of certain Pliocene specimens in 4 con- 
siderably rolled condition, suggested a difference as 
to age, but not to the extent of excluding the possi- 
bility of their being coeval. The rolled specimens 
may have entered the stream further up the river 
than the human remains. . . . Then again the skull 
might have been surrounded by some colloid material 
{that is, clay] which preserved it in its passage from 
some earlier deposit.” But in the second paper 
(ref. 3, p. 86) Dawson wrote: “Putting aside the 
human remains and those of the beaver, the remains 
all point to a characteristic land fauna of the Pliocene 
age; and though all are portions of hard teeth, they 
are rolled and broken. The human remains on the 
other hand, although of much softer material, are 
not rolled, and the remains of beaver are in a similar 
condition. It would therefore seem that the occur- 
rence of these two individuals belongs to one of the 
periods of reconstruction of this gravel.” 

In 1935, Dr. A. T. Hopwood* reconsidered the 
evidence, and, largely on the basis of the state of 
preservation of the specimens, concluded that 
Eoanthropus belonged to the Villafranchian or Lower 
Pleistocene faunal assemblage. He pointed out that 
the absence of indications of rolling was unreliable as 
a criterion, for one of the teeth of “‘Stegodon” (Elephas 
cf. planifrons), undoubtedly a member of the derived 
group, was practically unrolled. The evidence then 
available, he said, justified the statement that 
“Piltdown Man is the oldest human fossil yet dis- 
covered”’ (ref. 6, p. 57). 

In recent years many anthropologists have held 
the view that, so long as its date remained uncertain, 
this material was better placed in a suspense account, 
for the anatomical features of Hoanthropus (assuming 
the material te represent one creature) are wholly 
contrary to what discoveries in the Far East and in ° 
Africa have led us to expect in an early Pleistocene 
hominid. However, if one could at least be certain 
of the contemporaneity of the parts associated under 
the name EKoanthropus, and of their precise geological 
age, the number of possible interpretations would be 
much reduced. 


The Fluorine-Dating Method 


It has long been known that fossil bones accumulate 
fluorine in course of time. The major constituent of 
bones and teeth is hydroxyapatite, which acts as a 
natural trap for wandering fluorine ions. Bones 
absorb fluorine from the ground-water, and it becomes 
fixed in their substance as fluorapatite by a process 
of ionic interchange. Owing to the porous texture of 
bones (and teeth), this progressive alteration is not 
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confined to the surface, but usually more or 
less uniformly throughout the body of the material. 
It was suggested at the British Association meeting 
in 1947" that the percentage distribution of this 
element in the various bones and teeth from the 
Piltdown gravel might reflect their relative ages 
sufficiently clearly to throw some light on the major 
problem. Later, in response to a request from the 
Keeper of Geology at the British Museum, the 
Government Chemist agreed to undertake experi- 
mental work on the fluorine analysis of fossil bones. 

After preliminary trials, Mr. R. H. Settle and one 
of us (C. R. H.), assisted by Mr. E. C. W. Maycock, 
adapted published methods of analysis to the exact 
determination of fluorine in very small samples of 
bone. A description of the analytical technique and 
a discussion on the limits of accuracy will be presented 
in @ report on ‘fluorine-dating’ to be published later 
in the Bulletin of the British Museum (Nat. Hist.), 
and it is not necessary in this article to refer 
other than briefly to these matters. 

The method was based on that originally devised 
by Willard and Winter* and afterwards modified by 
various authors. The fluorine in the bone was 
separated as hydrofluosilicic acid by distillation with 
perchloric acid in presence of a few beads of soft 
glass to serve as a source of silica. Suitable aliquots 
of concentrated distillate were titrated with dilute 
thorium nitrate solution, using Alizarin S as indicator. 
The solution of thorium nitrate was standardized 
against solutions of known fluorine content under 
identical conditions, particularly with regard to 
titrating to the same stage in the colour change of 
the indicator. In the majority of cases, the amount 
of fluorine in the distillate was sufficient for at least 
three aliquots to be titrated, and the average fluorine 
content, after making a small correction for a blank 
determination, was adopted. There was generally 
close agreement between the fluorine contents 
calculated from titrations of different aliquots from 
@ given distillation. 

Where possible, at least 20 mgm. of bone was used 
for fluorine determination ; but in several cases it was 
necessary to rely on samples of the order of 5 mgm. 
The errors of analysis naturally increase as the weight 
of sample decreases, but it is believed that with 
sample weights of 5 mgm. and upwards the error in 
the adopted values is not greater than + 0-1 per cent 
of fluorme. For sample weights less than 5 mgm. the 
error may be + 0-2 per cent of fluorine. 

Approximate estimations of the iron and phosphate 
contents of the bones were made on residues of the 
samples remaining after the fluorine determinations. 
Colorimetric methods were used in each case (thio- 
glycollic acid for iron, and ammonium molybdate 
followed by reduction of phosphomolybdate with 
stannous chloride for phosphate). 

The fluorine-dating method was first applied to the 
Galley Hill skeleton’. Briefly, it was shown that in- 
digenous fossil bones in the Middle Pleistocene terrace 
gravels at Swanscombe contain around 2 per cent 
fluorine, those from Upper Pleistocene deposits in the 
same region around | per cent, and post-Pleistocene 
bones not more than 0-3 per cent; while the Galley 





Hill skeleton, although found in the Middle Pleis- 
tocene gravels, proved to contain only about 0-3 per 
cent fluorine, and was therefore clearly an intrusive 
burial, at earliest end-Pleistocene. The Swanscombe 
skull bones, on the other hand, discovered in these 
gravels by Mr. A. T. Marston in 1935-36, showed the 
expected 2 per cent fluorine. 
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Series of bones from other sites have been analysed, 


and the results show that the method, although 


limited in scope, is useful for differentiating fossil 
bones of diverse antiquity when they ocour mixed 
together, provided that the specimens compared 
have similar matrices. It cannot be used to determine 
the relative antiquity of bones from widely separaied 
localities. The method was ideally suited to the 
Galley Hill problem. There seemed reasonable hope 
that it would help to resolve the Piltdown enigma. 
Accordingly, in October 1948, Mr. W. N. Edwards, 
Keeper of Geology in the British Museum, authorized 
the sampling of Hoanthropus and associated mam. 
malian bones and teeth. For the most part the 
samples were obtained by applying a dental drill 
to broken or worn edges of the specimens until! a 
small but sufficient quantity of bone powder had 
been cored out. Where possible, powder from several 
drill holes in each specimen was mixed in order to 
ensure a representative sample. In view of the 
ferruginous nature of the deposits, it was thought 
advisable to determine the iron content of all the 
samples, but we found that there is no appreciable 
correlation in the Piltdown material between fluorine 
content and iron impregnation. 

In the case of coarsely porous bone, it is sometimes 
difficult to obtain a sample which is completely free 
from silt contamination. The fluorine content of a 
contaminated portion of a bone will obviously be 
misleadingly low. It was therefore decided to 
determine the phosphate content of all samples, and 
to express the fluorine value of each sample as the 
percentage ratio of fluorine to phosphate (as P,O,). 
This procedure facilitates comparison of the fluorine 
contents of bones in which there has been variable 
contamination. 


Application to the Piltdown Material 


Every available bone and tooth from the Piltdown 
gravel and from neighbouring deposits was analysed, 
including seventeen samples of the Zoanthropus 
material. The results are shown in the accompanying 
table. For comparative purposes the mammalian 
remains have been grouped according to known or 
probable age. Their colour, degree of rolling or other 
physical states have been ignored in making this age 
classification, except in the case of some of the sub- 
fossil or recent specimens. The teeth of Mastodon 
arvernensis, Elephas cf. planifrons (= “Stegodon” 
auctt.) and ‘Rhinoceros’ cf. etruscus cannot be younger 
than Lower Pleistocene. All the rest of the Pleistocene 
material from the gravel is either certainly later 
(Cervus elaphus, Castor fiber), or possibly later 
(Hippopotamus sp., Equus sp., Cervus sp.), than 
Villafranchian. Any such post-Villafranchian ele- 
ments might theoretically be of first interglacial age 
(when according to Hopwood’s terminology the 
“Middle Pleistocene” fauna began to appear); of 
great interglacial age (that is, Middle Pleistocene of 
all authors), or of last interglacial age (that is, early 
Upper Pleistocene of some authors, late Middle 
Pleistocene of others). Since distinctively Cromerian 
forms are absent and as there are indications that 
the deposit has been repeatedly re-worked, the post 
Villafranchian material is probably partly Middle and 
partly Upper Pleistocene. A problem of classification 
typical of this site is ted by the so-called bone 
implement from Piltdown (P.18). It is part of the 
femur of an elephant, judged on the basis of size to 
be that of a member of the Elephas meridionalis— 
antiquus group. It is conceivably Cromerian (first 

















: 


P10. Pr 
Pal Ar 
PA2 Me 

( 


* Wh 
made, |: 
average 

? The 
British | 


interg 


> classe 


: 


- 
% 


In 
it is | 
differ: 
bone 
mand 
range 
of ar 


| 0-1 p 
} slight 
| that e 


. 


? 
| 





than 
excep 
wholl. 















65 


ysed, 
ough 
fossil 
1ixed 
dared 
mine 


rated 


hope 
gna, 
ards, 
rized 
1amM.- 
the 
drill 
til a 
had 
reral 
r to 
the 
aght 
the 
able 
rine 


mes 
free 








eaten 





en eee 


ue Sab Panne endl 


tla 


March I1, 1950 


No. 4193 





\NALYSES OF FOSSIL MATERIALS FROM PILTDOWN 
Fluorine P,O, %F ( Iron 
% of P.O, «100 % 
Eoanthropus | 
P.1 L. parieto- poate us. 590)t O-1(2)* 21 0-5 7 
P2 L. temporal (£.59 0-4 18 2-2 7 
P3 KR parietal (2. soz). 0-3 17 1-8 6 
P4 Occipital (2,593) 0-2 28 0-7 5 
P5 R. mandibular ramus 
(2.594) 0-2 (5) 20 10 6 
P.17 Canine (2.611) <0°1 27 0-4 Trace 
P42 Mc lar (rm,) (2. 594) <0-1 23 0-4 Trace 
Eoanthropus Il 
P.30 R. frontal (2.646) 0-1 13 0:8 12 
P.31 Occipital (2.647) 0-1 (2) 7 0-6 17 
P32 Molar (Im,) (2.648) 0-4 (2) 30 13 Trace 
Other Mammalian Remains 
LOWER PLEISTOCENE 
P.6 Molar, Mastodon cf. 
arcernensis (B.595) 19 23 8-3 > 
P.7 Molar, Blephas cf. plani- 
frons (EB 596) 2-7 (2) 33 8-2 ; 
PS Molar, Z ef. plani- 
frens Ue 97) 2-5 34 74 1 
P23 Molar, Blephas cf. plani- 
frons (BE. 31 39 79 4 
P.25 Molar, Mastodon 
arvernensis (E622) 2 36 6-4 4 
P26 Premolar, ‘Rhinoceros’ 
of. etruscua (E623) 20 24 8-3 6 
POSSIBLY MIDDLE AND 
UrreR PLEISTOCENE 
P9 Molar, Hippopotamus sp 
(8.598) 0-1 (3) 37 0-3 ; 
P10 premolar, Hippopotamus 
sp. (£.599) 1-1 (3) 29 3°8 5 
Pll Antler, Cervus elaphus 
(B.600) 1-5 (3) 28 5-4 3 
PA2 Me 7 Cervus sp. 
(B.60 0-1 27 0-4 4 
P.13 Molar, | . (8.602) 0°4(3) 25 16 2 
P.14 Molar, Castor (2.603) 0-4 30 1-3 3 
P.18 Femur, Bi ef. 
entiquus (2.615) 1-3 (3) 30 43 2 
P.19 Indet. bone from basal 
clay (2.616) 1-4 33 4-2 1 
P.21 Incisor, Castor fiber (E.618) 0-1 27 0-4 10 
P.22 Mandible, Castor fiber 
(B.619) 0-3 18 1-7 € 
P.24 Fragment of enamel, 
Elephas sp. indet. (£.621) 0-8 (3) 36 22 1 
HOLOCENE OR PLEISTOCENE 
P.36 Tibia, Cereus ap. (2.1383) <0-1 35 0-3 1 
P.37 Caprine molar (2.1384) 0°3 (3) 22 1- 2 
P.39 Bovine long-bone (2.1385) 0-1 (3) 30 0-3 9 
P40 Indet. bone (sub-fossil) 
(2.1386) 30 0-3 Trace 
PAl Indet. bone (sub-fossil) 
(E1387) 0°3 42 0-7 ? 
HOLOCENE (RECENT) 
P.33 Fragment of fresh bone 
from soil <0°1 33 0-3 Trace 
P34 Pelvis, Bos taurus <0-1 24 0-4 4 
P.35 Metatarsal, Bos taurus 
(2.1388) <0°1 27 O-4 2 
P.38 Ungual phalange, Bos 
taurus (2.1389) 0-3 32 0-9 5 


* Where more than one determination of fluorine content has been 
made, indicated by the number in brackets, the value recorded is the 
average. 

+ The register of ns in the Department of Geology, 
british Museum (Nat. eat ), are given in brackets after the description. 





interglacial), more probably later, but can safely be 
classed as “‘possibly Middle or Upper Pleistocene”’. 
In attempting to interpret the analytical results, 
it is important to note that there is no significant 
difference in the rate of absorption of fluorine by 
bone and by dentine. The fluorine content of the 
mandibular ramus of Hoanthropus, for example, 
ranged from less than 0-1 to 0-3 per cent, while that 
of a molar embedded in this jaw-bone was less than 
0-1 per cent. If there is differential absorption, the 
slight advantage is with bone. There are indications 
that enamel is more resistant to absorption of fluorine 
than dentine. The analyses of teeth, with two 
exceptions, were based on samples which were either 
wholly dentine, or which included a substantial pro- 
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portion of dentine. The two exceptions were samples 
of enamel (P.6, P.24). 

On the evidence of their state of preservation, the 
molar and premolar of Hippopotamus were placed 
by Hopwood (ref. 6, p. 49) with Hoanthropus in 
the Lower Pleistocene group. He noted, however, 
that Hippopotamus had never been recorded in a 
Red Crag association; so that on general grounds 
it would appear that these teeth more probably 
belong to the later group’*. The molar, the fluorine 
content of which is closely comparable with that 
of EHoanthropus, shows unique preservation (P.9). 
Whereas its enamel (0-1 per cent fluorine) is prac- 
tically unaltered, its dentine is stained blackish- 
brown throughout and contains 0-05 per cent 
fluorine. An X-ray powder diffraction photograph 
showed that this blackened dentine consists of 
hydroxyapatite with slight admixture, possibly, of 
calcium sulphate. Analysis indicated 7 per cent iron. 
A probable interpretation of the specimen is that at 
some stage of fossilization the hydroxyapatite prisms 
in the dentine became coated by iron sulphide which 
inhibited fluorine absorption. The teeth of Zoanthro- 
pus are in striking contrast to this Hippopotamus 
tooth, and indeed to all the associated fossil animal 
teeth. Drill holes in the canine and in the molars of 
Eoanthropus revealed—most unexpectedly—that be- 
low an extremely thin ferruginous surface stain their 
dentine was pure white, apparently no more altered 
than the dentine of recent teeth from the soil. 

Comparison of the fluorine values of the specimens 
attributed to -—Loanthropus and of the bones and teeth 
the geological ages of which are certain leaves little 
doubt that: (1) all the specimens of Hoanthropus, 
including the remains of the second skull found two 
miles away, are contemporaneous ; (2) Hoanthropus is, 
at the earliest, Middle Pleistocene. 

There can no longer be any question of Zoanthropus 
belonging to the Villafranchian group ; but whether 
it is Middle Pleistocene or later is arguable. That the 
figures scarcely provide any differentiation between 
Eoanthropus and recent bones requires some explana- 
tion; but at least it serves to emphasize the probably 
enormous time-gap separating the former from the 
Lower Pleistocene material. 

The wide range of fluorine content in the post- 
Villafranchian material (0-1—1-5 per cent) is consistent 
with the suggestion that this age group is composite. 
Although none of these specimens is markedly water- 
worn, the gravels could have been reconstructed at 
several dates without the component materials 
travelling far. It is interesting to recall that Dawson 
(ref. 3, p. 86) considered that the remains of beaver 
(Castor) were the only fossils from the Piltdown pit 
which could be counted as contemporary with 
Eoanthropus. This is precisely the conclusion which 
one would draw from the fluorine results. 

The eroded (and afterwards worked) fragment of 
elephant femur (P.18, with 1-3 per cent fluorine) 
was not found in situ, but appears to have come 
from clay below the gravel, where it would surely 
have been a derivative from an older deposit. The 
red-deer antler (P.11, with 1-5 per cent fluorine) was 
found some distance from the skull site, and may 
have been preserved in a patch of gravel also repre- 
senting an earlier phase of the Pleistocene. The 
fluorine results are, in fact, so consistent with the 
known or probable relative ages of the mammalian 
fossils in the Piltdown mélange, that it now appears 
justifiable to regard Hoanthropus and Castor fiber as 
the latest elements in the mixture, and to ascribe 
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them to the period immediately preceding the final 
re-arrangement of the gravel, since which time free 
fluorine ions have apparently been remarkably 
deficient in the ground-water. 


Geological Evidence : Conclusion 


From the paleontological data alone, it is not 
possible to decide whether the final settlement of the 
Piltdown gravel took place during Middle or early 
Upper Pleistocene tirnes. 

It was pointed out by Clement Reid™ that these 
gravels rest on a low plateau surface (100-120 ft. 
above O.D.) which was extensively developed in the 
Weald, but which was nowhere covered by marine 
deposits of the period of the submergence represented 
by the Goodwood raised beach (135 ft. above O.D.). 
In any event, it seems unlikely that this surface 
existed before the base levelling associated with the 
close of the great interglacial period. Furthermore, 
if the Piltdown gravel is viewed as a river terrace 
deposit, its position about fifty feet above the River 
Ouse™ places it in a group grading with the Main 
Monastirian sea-level. From the temperate character 
of even the latest faunal elements in the Piltdown 
faunal mélange, it is probable that Zoanthropus lived 
under interglacial conditions, although the final 
resorting of the gravels may have been brought 
about by periglacial soil-flow (solifluxion). The 
question of the precise geological age of the Piltdown 
gravel is open to further inquiry, but taking the 
balance of available evidence, Zoanthropus may be 
provisionally referred to the last warm interglacial 
period (Riss-Wiirm interglacial ; that is, early Upper 
Pleistocene, although here it should be noted§that 
some authorities count Riss-Wiirm as Middle Pleis- 
tocene). 

We wish to record our thanks to the Government 
Chemist, Dr. G. M. Bennett, and to the Keeper of 
Geology, British Museum, Mr. W. N. Edwards, for 
their co-operation, and for permission to publish the 
relevant portions of this communication. 
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ATOMIC ENERGY DEVELOPMENTS 
IN FRANCE DURING 1946-50 


T the concluding lecture of the series held at the 
Science Museum in connexion with the recent 
exhibition of French scientific instruments (see 
Nature, March 4, p. 336), Dr. L. Kowarski gave an 
account of “Atomic Energy Developments in France, 
1946-1950". Introducing him, Sir John Cockcroft 


reminded the audience that Dr. Kowarski, together 
with Dr. H. Halban, had left France in 1940, bringing 
to Britain the world’s largest single supply of heavy 
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in the study of heavy-water moderated reactors 
Dr. Kowarski said that the French Atomic Energy 
Commission (Commissariat & l’'Energie Atomicue) 








was set up immediately after the Hiroshima incid nt | | 


and the consequent freeing of the basic information | 
on new atomic energy studies. The provisional | 
French Government of 1945 entrusted Joliot-Ci re 
with the task of initiating the Commission, est«b. 
lishing its terms of reference, and directing it as High 
Commissioner. The first stages occupied some 
months, and the Commissariat 4 l’Energie Atomique 
came into active existence in March 1946. 

The Commissariat had to form an estimate of the 
factors, advantageous and otherwise, which would 
determine its future course. In view of the inter. 
national situation, work had to be undertaken 
independently of any other country and using only 
those resources available within French territory. 
The scientific and technical information available in 
France was much less than that in Britain and thie 
United States, which meant that much pioneering 
experimental work would need to be undertaken. 
The state of France’s economy during 1945-46, 
with industry disorganised and basic reconstruction 
claiming first priority, was not likely to promote 
quick results. The mixed character of that economy, 
with agriculture playing a very important part, 
meant a lower industrial potential, and therefore a 
smaller opportunity for rapid progress. Again, the 
French leaning towards abstract studies in the 
universities meant that, in comparison with con- 
ditions prevailing in Great Britain, men were not 
easily to be found who would have a ready under- 
standing of the concrete problems of handling the 
special materials of atomic research. 

In the balance were to be set some advantages. 
The very state of flux of French life was conducive 
to speedy administrative decisions. Everywhere, the 
spirit of reconstruction, especially among the young, 
was favourable to new departures. Years of in- 
stability had fostered an adventurous spirit, which 
could now be put to good use. The scientific tradition 
in the study of atomic physics was inspiring, since 
France might fairly claim to have cradled nuclear 
physics and radiochemistry. The chief favourable 
factor, however, was the presence in France of a 
handful of men with the right kind of experience. 

Industrial support was essential, and France was 
fortunate in having in an advanced state a few of the 
special industries needed for basic supplies. A fairly 
pure kind of graphite had long been made, and a 
possibility of further refinement was immediately 
available. Non-ferrous metallurgy—an essential part 
of the new large-scale nuclear engineering—was well 
established. To support all this, France had an 
excellent chemical industry with the right experience 
in the preparation of fine chemicals. 

The prime object was a nuclear reactor. To achieve 
this object a long chain of preliminaries was needed. 
First, there had to be a laboratory for exploratory 
experiments, then workshops for the making of 
special tools which in turn could be used for the 
making of special instruments. All this had to be 
built up from nothing. 

A site was chosen: the abandoned fortified struc- 
ture of ChAtillon. Existing buildings were adapted 
and new buildings erected. In the face of a European 
shortage, sufficient machine tools were obtained and 
installed by May 1946. In July 1946, the first pro- 
duction of counters was set on foot, the right man 
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again, by good fortune, being available with a back- 
ground of electronic experience gained in radar work 
in Great Britain. The Collége de France supplied 
the basic design of counting and amplifying apparatus, 
and soon it was possible to send out groups of tech- 
nicians to prospect for uranium in Metropolitan 
France and the overseas territories. 

At the same time, work was begun on the con- 
struction and equipment of analytical chemistry 
laboratories. This was essential because of the 
importance of pure materials and their control. The 
analytical chemistry project, in fact, commanded the 
first priority for some months until resources were 
adequate. Simultaneously, however, a small factory 
was being set up to produce pure uranium in ton 
quantities, but of high purity. The factory project had 
to be conceived on new principles, and even though an 
experienced man was available to guide its planning, 
a year or more was needed for its completion. 

The projected reactors needed men of a new kind. 
One may call them neutron engineers, and think of 
them as resembling the new electrical engineers who 
were called into existence eighty years ago, then as 
now, for the understanding and exploitation of a 
newly discovered force in Nature. 

All the time, prospecting for uranium was going 
steadily on, new sources being sought and known 
ones § A deposit of a fairly rich ore was 
found in France, sufficient in quantity to ensure the 
existence of the Commissariat 4 l’Energie Atomique 
for some years. On a quite different plane, use was 
made of this exploratory period to establish a legal 
framework for atomic energy work in France; pro- 
gress in this direction, however, was somewhat 
hampered by external circumstances, and several 
essential features remain in need of a final clarification. 

In the autumn of 1947 work was begun on the 
construction of a nuclear reactor. As is always the 
case, initial ambitious ideas had to give way to more 
modest ones, and the design finally embarked upon 
was for a reactor operating at only a few kilowatts. 
In addition, the difficulties of making pure uranium 
metal meant’ that the reactor had to operate on 
uranium oxide, which could be more easily made of 
the requisite purity. Heavy water was used as the 
moderator, and at the end of 1948, after sixteen 
months work, and after three years of the existence 
of the Commissariat, the machine Z.O.E. (Z for ‘zero’ 
output, O for oxide of uranium, E for ‘eau lourde’) 
was ready to operate. It is now being shown to the 
general public, and such visits are considered as 
being outside the scope of the secrecy regulations. It 
develops some 5 kilowatts only, but because of its 
reduced bulk, the radiation intensity achieved is 
nearly equivalent to that of high-powered graphite 
piles, such as the British G.L.E.E.P. 

During the past two years, work has been actively 
proceeding on the building of two accelerators, one 
a cyclotron, the other an electrostatic machine. 
Neither is yet ready, but it is hoped that the electro- 
static machine may be ready in its essential features 
this year, and the cyclotron next year. The uranium 
factory has been equipped for the extraction of the 
plutonium which is produced in the pile. The 
plutonium is extracted for scientific interest only. 
Any thought of French atom bombs will be dispelled 
if one remembers that, to produce enough plutonium 
for one bomb, the only pile in France would have to 
operate for many hundreds of years. 

A larger reactor is now under construction, in 
which it is hoped to achieve a higher radiation 
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intensity than in the second British reactor. This 
reactor should be ready in 1951 or 1952. It is being 
built at a new atomic energy centre at Saclay, twelve 
miles from Paris, which will also house the two 
accelerators and other new equipment. Work on it 
goes forward while mining projects are pressed on at 
the deposits in the south-west of France. 

Men are needed as much as equipment, and to 
produce the new nuclear physicists, teaching will 
have to be intensified ; for some years this may well 
turn out to be the most important task of the Com- 
missariat. For the work these new men will do new 
materials will be needed, so new facilities for the 
production of pure substances will have to be brought 
into being. 

The results already achieved are beginning to be 
influential outside the limits of the organisation 
itself. The nuclear reactor is, of course, a source of 
radioisotopes which can be used in many branches 
of research. The Commissariat 4 l’Energie Atomique 
aims at fulfilling all French requirements, but it has 
to be admitted that at the moment British com- 
petition must be reckoned with, owing mainly to 
the higher intensity of the available irradiation. 
Outside workers’ materials can be given neutron 
irradiation as at Harwell. The Commissariat is also 
acting more and more as an information centre on 
matters not necessarily connected with atomic 
energy, but contributing to its study, and on which 
experience has been accumulated in the organisation. 
Some of these techniques have not otherwise been 
studied in France. Examplés are high-vacuum tech- 
nique and powder metallurgy. Naturally, advice is 
also readily available on research techniques employ- 
ing radioisotopes. It is hoped that this influence will 
eventually be felt beyond the borders of France. 

Some people express the hope that there might be 
a joint European effort at investigating and exploiting 
atomic energy. France would presumably play a 
leading part in any such joint effort on the Continent. 
So far, there is little sign of an international organ- 
isation coming into being. This is to be regretted for 
many reasons, among which is the loss to the common 
effort of the experience of countries with particular 
resources. For example, Switzerland or Sweden could 
build a powerful synchrotron, to be used by all 
European scientific men, with their highly developed 
electromechanical industry. The obstacles to joint 
effort are those customarily met, to which is added 
a specific inertia encountered whenever atomic energy 
is considered in the light of any one nation’s national 
defence. Governments have been generous to atomic 
energy projects because of its supposed military 
significance, but loss of control is resisted. The 
physicist who looks for freedom from control may 
therefore also risk losing patronage. 

The immediate future in France is clear. It is 
simply to develop the new centre at Saclay with all 
its requirements. What might come after, say in the 
development of useful industrial power, will be 
determined by the financial support to be obtained, 
and no one country in Europe can easily provide 
enough on its own. In the long run, a choice will 
have to be made in France between: (1) an effort 
to broaden the international basis of atomic energy 
work ; (2) going on in isolation, but with a greatly 
intensified effort ; (3) or keeping the fire of interest 
and experience just alive with a reasonable minimum 
of experimental fuel until better days come. To the 
question of what choice will be made, it is too early 
to suggest an answer. 
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NEWS and VIEWS 


Scott Polar Research Institute, Cambridge : 
Bishop Fleming 


THE retirement of the Rev. W. L. 8. Fleming from 
the directorship of the Scott Polar Research In- 
stitute at Cambridge was necessitated by his 
transfer, at the age of forty-three, to the diocese 
of Portsmouth, a transfer which, seeming natural to 
his many friends, must be unexpected to those less 
closely concerned. Educated at Rugby and Trinity 
Hall, Cambridge, Bishop Fleming took geology, and 
his ability in that subject was the basis for an award 
of a Commonwealth Fund fellowship in the United 
States. Following this he took part in two summer 
arctic expeditions, and then Westcott House and 
later a fellowship and the chaplaincy of Trinity Hall 
claimed him. During 1934-37 he was in the Antarctic 
with the British Graham Land Expedition as chaplain 
and geologist, and was a member of the three-man 
sledge party which first penetrated King George VI 
Sound. Continued work at Trinity Hall kept him 
until the war-time Navy claimed him as a chaplain 
in H.M.S. King Alfred, Ganges and Queen Elizabeth. 
After a period as director of Service ordination 
eandidates, he returned to Cambridge in 1946 as dean 
of his College and director of the Scott Polar Research 
Institute in succession to Prof. Frank Debenham, its 
founder and for twenty-five years its first director. 
Cambridge will greatly miss Bishop Fleming’s mani- 
fold and selfless exertions. 


Dr. G. C. L. Bertram 


Dr. G. C. L. Bertram, who succeeds Bishop Fleming 
at the Scott Polar Research Institute, comes to its 
directorship while continuing his responsibilities as 
fellow and tutor of St. John’s College, Cambridge. 
Dr. Bertram was educated at Berkhamsted School 
and went into residence as an exhibitioner of St. 
John’s in 1929, where zoology was his main subject. 
Summer arctic expeditions to Bear Island and East 
Greenland were followed by a period of research on 
coral reefs under Crossland in the Gulf of Suez, 
before he went to the Antarctic with the British 
Graham Land Expedition of 1934-37. There he 
accompanied Bishop ,Fleming and Prof. A. 
Stephenson down King George VI Sound, and made 
the southern seals his main research. After a few 
years back in Cambridge, he joined the Colonial 
Service in 1940 and went as chief fisheries officer to 
the Government of Palestine. Then, on transfer to 
the Anglo-American Middle East Supply Centre as 
fisheries advisor, he travelled widely over the Middle 
East area. Michaelmas 1945 saw his appointment to 
a fellowship at St. John’s College, Cambridge. In 
1948 he journeyed to advise on fisheries development 
in the Sultanate of Muscat, and in 1949 he visited 
the Pribilof Islands in the Bering Sea for zoological 
research on the great herd of fur seals. 


Royal Society of Edinburgh: Prizes 


Tue Council of the Royal Society of Edinburgh 
has announced the following awards: Gunning- 


Victoria Jubilee Prize for the period 1944-48 to Prof. 
Max Born, Tait professor of natural philosophy in 
the University of Edinburgh, for his distinguished 
contributions to theoretical physics ; Neill Prize for 
the period 1947-49 to Prof. John Walton, regius 
professor of botany in the University of Glasgow, 
for his valuable contributions to our knowledge of 
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earboniferous palwobotany, two of which have | 
appeared in the 7'ransactions of the Society within 
the period of the award ; Keith Prize for the period 
1947-49 to Prof. A. G. Walker, Town Trust pro. 
fessor of mathematics in the University of Shefficid, 
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for his papers on the general theory of relativity 


published in the Proceedings of the Society within 
the period, and in recognition of his distinguished 
contributions to Riemannian geometry. 


Deutsche Medizinische Wochenschrift (1875-1950) 


Tu1s yeer marks the celebration by the Deutsche 
medizinische Wochenschrift of the seventy-fifth year 
of its outstanding service to the medical sciences, 
As its own leading article says, when we turn the 
pages of its long succession of volumes, we feel that 
we are reading the medical history of the past three. 
quarters of a century ; and we are correspondingly 
grateful to the men whose work created these pages. 
The journal was founded by Paul Bérner in 1875. 
Robert Koch, still an unknown country medical 
man, was trying out a new microscope given to him 
as a birthday present by his young wife. This was 
also a time of great discoveries in chemistry and 
physics. While Pasteur in France was doing his 
immortal work, Koch, busy with his new microscope, 
conceived the idea of using the recently discovered 
aniline dyes for staining bacteria and tissues. One 
day, in a blood smear from a sheep, he found he had 
stained the anthrax bacillus, and in 1877 he finally 
proved, in a clessical paper on this bacillus which 
made him famous, that this bacillus is the cause of 
anthrax. Most of Koch’s great work was published 
in the Deutsche medizinische Wochenschrift, and the 
journal is rightly proud of the distinguished names 
in ite list of contributors. They include Ehrlich, 
Pfeiffer, Behring, Schaudinn, Hoffmann, Domagk 
and leading workers in America and in Great Britain 
and most of the other European countries. 

When Paul Bérner died in 1885, the journal was 
edited by Dr. 8S. Guttmann, who on his death in 
1894 was succeeded by Dr. Eulenburg and Dr. 
Schwalbe. Throughout its history this journal has 
enjoyed distinguished editorship. Since 1887 it has 
been issued by Georg Thieme of Stuttgart, and the 
printing and production of the journal, never an easy 
task, has maintained a consistently high standard. 
Medical men all over the world have for long been 
grateful for all the care that has gone to its pro- 
duction and for the great work that it has published. 
At this moment, when it looks back proudly over its 
record, all scientific men will wish it continued 
success in its service of humanity. 


Fluid Handling 

A NEW monthly journal, Fluid Handling (No. 1, 
1949 ; pp. 44. London: Binjon Press; 20s. a year), 
is devoted to fluids from every point of view. It thus 
has a wide scope, as there are few chemical or chem- 
ical engineering operations in which fluids are not 
concerned. This is borne out by the variety of sub- 
jects dealt with in the first issue, which include tetra- 
cresyl silicate as a heating medium, launching a sea 
pipe-line, the disposal of colliery sludge and piating- 
shop effluents, a prototype plant for sterilization in 
the dairy, and proportiometer pumps. The articles 
are of a descriptive nature and are fully illustrated 
with excellent photographs and extremely clear 
diagrams. They serve to direct attention to new 
types of plant and modern installations, in a manner 
requiring little effort from the reader. To the man 
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of science, the association of the maker’s name 
with every article of equipment mentioned tends to 
convey the impression that he is looking through a 
well-written catalogue ; but it must be remembered 
that this publication is primarily a trade journal and 
that makers’ names are invaluable to those who may 
wish to purchase plant similar in nature to that 
described. In addition to the main articles, a number 
of short notes are included. These consist of personal 
news, information regarding new companies, cor- 
pany reports, book reviews, descriptions of new 
equipment and miscellaneous notes. The whole 
appearance of the journal is attractive, and those 
whose time is not yet fully occupied with other 
publications of a similar nature may well be tempted 
to look through its pages. 
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World Trade Digest 


Mvucu useful information about industrial develop- 
ments will be found in World Trade Digest, which 
commenced publication last November and is being 
issued monthly (from 45 Dorset Street, London, 
W.1.; 1s.). The articles, which are well condensed 
and informative, are drawn from a wide range of 
periodicals, many of which are of a specialist nature 
and thérefore unlikely to be readily available to the 
general reader. The first issue indicates that the 
editor will cast his net wide, for it covers such diverse 
subjects as the zip fastener, the channel tunnel, 
automatic irrigation, control of plant growth and 
corrosion resistance. An article on air freight, by A. 
James Payne, condensed from the Recorder, refers to 
the million tons of air freight carried since the War 
and explains that air transport saves time, reduces 
risks of pilferage and damage in transit, and cuts 
down costs on crating and packaging. British air- 
charter companies are now regularly carrying such 
things as samples, penicillin, early fruit and flowers, 
machinery parts for urgent repair jobs, pedigree 
cattle, radio sets and delicate scientific instruments. 
Recently, an Air-brokers Association was formed 
from members of the Baltic Exchange, and this 
should prove to be a great step forward in regularizing 
air-freight business. 


British Standard for Photographic Lenses 


Bririsn Standard 1019 (1949) is the revised form 
of a 1942 war-emergency standard. It is the first of 
a series of British Standards for lenses and is essen- 
tially in agreement with several United States 
equivalents. The Standard, which is divded into 
three sections and two appendixes, applies to camera 
and enlarger lenses, with the exception of box- 
camera lenses and single-component lenses in folding 
cameras. In the first section, definitions of the parts 
of a photographic lens, the focal lengths and associated 
quantities, and the lens aperture and associated 
quantities are given. The method of marking the 
focal length and the maximum aperture ratio on a 
photographic lens mount, together with the accuracy 
required for such markings, are specified in the 
second section. In this section, also, the standard 
series of stop sizes and the marking of distance scales 
are discussed. It is recommended in the third section 
that, in order to change to a stop of smaller aperture- 
value, the iris of the lens should be rotated in an 
anti-clockwise direction as viewed from the front of 
the lens. The methods to be used for the measure- 
ment of focal lengths and of aperture and aperture 
ratio are fully described in the appendixes. 
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This Standard has been criticized for its lack of 
clarity and conciseness. It does, indeed, show signs of 
hasty, if not careless, compilation. In several places, 
in order to make the text clear to the reader, textual 
notes have been added, but they have been inserted 
in the wrong places; for example, Note 2, which 
should follow 3g, follows 4c. Terms, such as the lens 
axis and nodal point, are used without definition, 
and in one method described the user of the Standard 
is expected to have previous knowledge of the 
position of the axial point. For methods for determ- 
ining the latter point, he is referred to an out-of-the- 
way report by M. Hotine on air survey cameras. 
The Standard, in spite of its faults, fills a definite 
need, and it is to be hoped that an improved version 
will as soon as possible replace the present issue. 





Distribution of Population in England and Wales 


In our note on the Registrar General’s estimates 
of the local civilian population, which appeared in 
Nature of December 24, 1949, p. 1078, reference was 
made to the exclusion of conscripts away on national 
service from the local populations. The Registrar 
General for England and Wales has informed us that 
no information relating to the area of permanent 
residence of national service men is available. The 
number of conscripts on national service over the 
country as a whole could be obtained by increasing 
the figure for males aged 18-24 by about 44 per cent. 
It would, however, be unsafe to apply this ratio to 
local. populations, as the distribution of industries 
varies and ‘as there is differential reservation in 
different industries. In the estimate of local popula- 
tion for mid-1949, which is soon to be published, the 
number of men in the armed forces stationed in each 
area will be included. The exclusion of national 
service men from the local figures may be unavoid- 
able ; but we still think it unfortunate. For most 
purposes for which local population figures are 
required, it would be better to include national 
service men, as their absence is only of comparatively 
short duration. Indeed, the figure of conscripts is 
much more relevant to planners than an estimate of 
the number of men stationed in the area. The 
Service authorities should be able to provide the 
Registrar General with the material for obtaining at 
least an estimate of the conscripts from each area, 
which could be published separately from the main 
figures. 


Use of Film in a Research Establishment 


An article by J. Rogers in the second Bulletin of 
the Scientific Film Association describes the use of 
films in research establishments. These include its 
use as a research tool, as a means of recording 
experimental work and of explaining and making 
known the results of such work ; it may also be used 
for keeping the staff informed of the work of others. 
With these objects in view, a film unit was set up at 
the Building Research Station in 1947. So far its 
main use has been as a medium of explanation and 
information, although it has also been used for 
research and record purposes. High-speed cinema- 
tography has been used in research on flooring 
materials and has yielded interesting information on 
the action of an abrasion testing machine. Films are 
being used for record purposes in the testing of 
building materials to destruction, thus providing a 
means of re-witnessing tests which would be difficult 
and costly to repeat; film records are also made of 
certain building operations which are the subject of 
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time and motion study. Colour film is being used in 
recording work carried out by the Lighting Section 
to render machine parts more easily distinguishable 
by painting them in contrasting colours ; this should 
lead to a reduction of fatigue and an increase in 
efficiency of the machine operators. The Building 
Research Station aims at presenting information on 
new materials and methods to all who are in a position 
to influence the design and construction of buildings. 
Its films are, therefore, addressed to architects, sur- 
veyors, builders, technical staffs of local authorities 
and members of housing committees. 


Drainage Evolution in the Appalachians 


Ir has long been agreed that, following the 
Appalachian Revolution, the divide between east- and 
west-flowing streams in that region was situated 
somewhere east of the present Great Valley in the 
crystalline rocks of Old Appalacia. To-day the divide 
is beyond the Ridge and Valley province in the 
Appalachian Plateau, eight miles or more to the west 
of the crystalline rocks. Over a broad belt there has 
been a reversal in the direction of the drainage. The 
sequence of events that led to this change is traced 
by H. D. Thompson in Annals of the New York 
Academy of Sciences (52, art. 2, pp. 31-62; 1949; 
1.25 dollars). He traces a long and continuous series 
of river captures by which the main watershed has 
migrated eastward and led to a general eastward 
slope. In extending their headquarters westward, the 
east-flowing streams have been influenced greatly by 
structure. In general, they follow weak rock forma- 
tion or local weaknesses in resistant rocks; also, 
it is noted that long low-gradient’streams are at a 
disadvantage in competition with those having short 
steep courses. 


Chart for Spot Welding 

Tue British Welding Research Association has just 
published a most ingenious chart for the spot- 
welding of mild steel. Given the thickness of the 
material which is to be joined, which varies from 
0-01 to 0-05 inch, the chart, based somewhat on the 
lines of the slide rule, provides all the welding data 
required : weld time, weld current, tip diameter and 
minimum electrode-pressure can all be read off 
immediately. To those*concerned with this type of 
welding it will be invaluable, and the principle on 
which it is constructed may well be applicable in 
other, and quite diverse, fields. 


London Conference on Optical Instruments 


ARRANGEMENTS are well advanced for the London 
Conference on Optical Instruments which will be 
held at the Imperial College of Science and Tech- 
nology, South Kensington, during July 19-26. The 
Conference is being arranged partly concurrently with 
the official sessions of the International Optical Com- 
mission (which will commence at the rooms of the 
Royal Society, Burlington House, on July 17 and 
will be attended by many delegates from overseas). 
In this way the conference will afford an opportunity 
of hearing speakers who are seldom able to visit 
Great Britain. There will be symposia on reflecting 
microscopes, phase-contrast microscopes, gratings 
and grating instruments, reflecting telescopes and 
spectrophotometers ; and joint discussions with the 
international optical commission will deal with 
diffraction in optical instruments and new optical 
materials. There will be a number of miscellaneous 
invited papers on new instruments, such as that on 
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social events are being arranged, including receptivns 
by learned societies and excursions to optical firms 
and laboratories. An exhibition of optical instru- 
ments is being arranged by the Scientific Instrument 
Research Association. The list of speakers inclucies 
the following: Dr. F. Desvignes and Dr. M. Francon 
(France); Dr. R. Barer, Mr. J. Guild, Dr. H. H. 
Hopkins, Dr. E. H. Linfoot, Dr. H. W. Thomson 
and Mr. A. Warmisham (Great Britain); Dr. A. 
Bouwers (Holland); Prof. F. Scandone (Italy); 
Mr. E. Bergstrand and Dr. E. Inglestam (Sweden) ; 
Dr. W. Lotmar (Switzerland); Dr. 8. 8. Ballard, 
Mr. C. Bausch, Dr. D. 8S. Grey and Dr. R. Kingslake 
(United States). The general secretary of the Con- 
ference is Prof. L. C. Martin, Technical Optics 
Section, Imperial College of Science and Technology, 
London, 8.W.7. 


Conference on Civil Engineering Problems in the 
Colonies 


A CONFERENCE on “Civil Engineering Problems in 
the Colonies’. on similar lines to that which took 
place in 1948, will be held at the Institution of Civil 
Engineers, Great George Street, Westminster, London, 
S.W.1, during July 3-7. The conference is designed 
primarily to meet the needs of members of the 
Colonial engineering service and others engaged in 
civil engineering work in the Colonies. Besides visits 
and excursions to places of technical interest, the 
programme of the conference includes: a lecture on 
“Public Health Engineering’’ by Prof. Gordon M. 
Fair, of Harvard University; a technical session 
entitled “Engineering Research and the Colonial 
Engineer’, at which papers will be given and dis- 
cussed ; and two other sessions at which papers will 
be given on railways and docks, harbours and 
wharves, tropical water supplies, low-cost roads and 
air-port construction. The conference is open to all 
who are interested. The capitation fee is £5 5s. 
(£3 38. to corporate members and students of the 
Institution), with an extra fee of £1 ls. if accom- 
panied by a lady. Further details can be obtained 
from the Secretary of the Institution. 


Announcements 

Tue Science Museum is presenting a special 
exhibition showing modern ideas of weather and 
meteorology, and their influence on everyday life, 
to mark the centenary of the Royal Meteorological 
Society. The exhibition will be opened by the Lord 
President of the Council on March 27 at 3 p.m., and 
will be available to the public during March 28 
June 25. 


THE Colorado School of Mines is offering a scholar- 
ship to a male student from Great Britain for the 
academic year 1950-51. The scholarship, which is 
renewable for a maximum of four years, covers 
tuition fees only and is worth 425-475 dollars a year. 
Further particulars may be obtained from the Deputy 
Cultural Relations Officer at the American Embassy, 
5 Grosvenor Square, London, W.1, or from the 
Secretary, Association of Universities of the British 
Commonwealth, 5 Gordon Square, London, W.C.1, 
with whom applications must be lodged in triplicate 
by May 1. 

Erratum. In the list of members of the Nor- 
wegian-British-Swedish Antarctic Expedition in 
Nature of January 7, p. 8, B. Ekstrém is incorrectly 
described as Norwegian; he is Swedish. 
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RANGE-ENERGY RELATION FOR PROTONS AND ALPHA-PARTICLES 
IN PHOTOGRAPHIC EMULSIONS FOR NUCLEAR RESEARCH 


By Dr. J. ROTBLAT 
George Holt Physics Laboratories, University of Liverpool* 


rT“HE photographic emulsion is becoming more and 

more @ tool of precision in investigations of 
nuclear phenomena. In order to be able to make full 
use of exact measurements of ranges of particles in 
the emulsion, it is important to know accurately the 
stopping power of the emulsion for particles of various 
energies and thus to establish the relationship between 
the energy of a particle and its range in the emulsion. 
In the old half-tone emulsions, in which the silver 
halide content was very low, it couid be assumed that 
the stopping power of the emulsion relative to air was 
nearly constant for all energies. The present-day 
emulsions, however, have such a high silver halide 
content that this assumption is no longer valid, even 
approximately, and the stopping power of the emul- 
sion has to be determined as a function of the energy 
of the particle. Lattes, Fowler and Cuer' have 
determined the stopping power of Ilford B.1 emulsions 
for protons and alpha-particles up to 13 MeV. Their 
method consisted mainly in the measurement of 
ranges in the emulsion of particles produced in 
several nuclear transmutations, the @ values of 
which were known from other experiments. Apart 
from possible errors, due to uncertainties in the Q 
values, & small discrepancy was present in their results 
due to the fact that some experiments were made with 
the plates exposed in air, while in others the exposures 
were in vacuum. Moreover, since these measure- 
ments wers made in 1947, several new types of 
emulsions have been introduced by Ilford and Kodak, 
and these are now much more used than the B.1 type. 
The range—energy relation for electrons in NT'-4 
emulsions has recently been determined*; but there 
are no results available for the other emulsions. For 
these reasons @& detailed study of the stopping power 
of various nuclear research emulsions for heavy 
particles was thought to be desirable. 

The method employed consisted in exposing photo- 
graphic plates to protons or alpha-particles, scattered 
through various angles by a beam of 
8-MeV. deuterons produced in the Liver- 
pool cyclotron. For this purpose the beam 


The energy of the beam of deuterons could be 
calculated roughly from the condition of resonance 
of the cyclotron, but a moze accurate value was 
obtained in the following way. Photographic plates 
were exposed, under the same conditions as in the 
scattering experiment; to alpha-particles from 
polonium and thorium-active deposit. The measured 
ranges in the emulsion of the alpha-particles from 
polonium, thorium C and C’ provided three points 
for the stopping-power curve of the emulsion for 
alpha-particles. Several angles of scattering were 
then chosen for the alpha-particles produced by the 
collisions of deuterons with helium atoms, such that 
their ranges were nearly the same as the ranges of the 
alpha-particles from polonium and thorium C. From 
the measured ranges the energy of the particles 
scattered through these angles was determined by 
interpolation, and in this way it was possible to 
calculate the initial energy of the deuteron beam. 
The values thus obtained agreed with each other 
with an accuracy of 0-1 per cent. The calculated 
value of the energy of the beam, 7-894 MeV., was 
then used for the determination of the. energy of 
protons, deuterons and alpha-particles scattered 
through various angles. 

This method of determination of the stopping power 
is independent of the precise masses of the colliding 
particles and is based only on the accepted values of 
energies and ranges in air of the alpha-particles from 
polonium and thoriumC. The accepted range — energy 
relation for air and the values of the stopping power 
of hydrogen and helium had to be used in order to 
allow for the loss of energy of the deuterons before 
reaching the point of scattering and of the scattered 
particles before reaching the plate. At the pressures 
and distances used, this entailed in most cases a 
fairly small correction. At larger angles of scattering, 
however, the particles lost a considerable amount of 
energy before reaching the plate, and in these cases, 


Range in emulsion (microns) Curve II 





was made to pass through a chamber 
filled with hydrogen or helium at press- 
ures of 15 or 10 cm. respectively. The 
photographic plate was placed in the 
chamber in such a position that the part- 3 
icles entered the emulsion with an angle 
of dip of 6-10°; in each exposure part- 
icles scattered through angles from 20° 
to 160° could be recorded simultaneously. 
The ranges of the protons and alpha- 
particles, as well as of the deuterons, scat- 
tered through various angles, were then 
measured accurately by means of a pro- 
jection microscope. Since the relationship 
between the energy of an elastically scat- 
tered particle and the angle of scattering 
is well known, one can, if the energy of the 
primary beam of deuterons is known, 
calculate the energies of the particles of 
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imate, but they are in fair agreement 
with values to be expected from the 
moisture content of the emulsion. 

The other types of emulsions investi. 
gated have been found on the whole 
to differ only slightly in their stopping 
powers. Thus, for example, for alpha. 
particles of several MeV., the stopping 
power of the NT'-2a emulsion is 1-2 
per cent greater than that of the Ilford 
C.2 emulsion, which, in turn, has a 
stopping power greater by about 0-3 
per cent than that of the Z#.1 emul. 
sion. The differences are, however, 
somewhat larger for low-energy pro- 
tons. Exposures were also made with 
plates of the same type of emulsion 
| from various batches, but no significant 
variations of the stopping power have 
been observed. 


Energy (MeV.) Curve II 
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therefore, the accuracy of our results is primarily 
determined by the accuracy of the values of the 
stopping power of hydrogen and helium for slow 
protons and alpha-particles. 

We have measured the ranges of particles scattered. 
through angles from 20° to 75°. At each angle at 
least 800 tracks of each range-group were measured. 
A Vickers’s projection microscope was used with a 
magnification of 2,000, which enabled the range to be 
measured with an accuracy of } micron. The range 
distribution obtained at each angle was fitted to a 
Gaussian curve, from which the mean range and the 
half-width could be calculated. The correction for 
the shrinkage of the emulsion was made from the 
known angle of approach of the particles into the 
ernulsion. 

Measurements were made with Ilford C.2 and £.1 
and Kodak NT7-2a emulsions. A few points were 
also taken with Ilford G.5 emulsion. The range — 
energy curves obtained for protons and alpha-particles 
in C.2 emulsion are shown in Figs. 1 and 2. At the 
higher ranges these results differ only little from those 
of Lattes, Fowler and Cuer, but significant differences 
occur at the lower ranges. It should be noted that 
our results were obtained with plates which before 
exposure were kept in vacuum for about two hours so 
that most of the water contained in the emulsion 
had been driven off; these have, therefore, a higher 
stopping power than emulsions under normal condi- 
tions. For exposures at atmospheric pressure and 
average humidity, the ranges have to be increased by 
about 3 per cent at low energies and by about 4 per 
cent at high energies; these correction figures, 
obtained in a rough experiment, are only approx- 


Straggling of range and energy in C.2 emulsion 
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50 From the measured half-widths of 
the range distributions and the known 
angular divergence of the beam and 
its energy spread, it was possible to 

calculate the straggling of the range and energy for 
protons and alpha-particles in the emulsions. Some 
representative results for C.2 emulsion are given in 
the accompanying table; other types of emulsion 
gave the same results, within the experimental error. 
AR and AZ are the half-widths of the range- and 
energy-distributions at half the maximum height. 
The very large straggling at low energies is naturally 
caused by the small number of grains in the tracks, 
but already for protons of an energy of 4 MeV. the 
straggling becomes the same as that in air. This 
shows that for sufficiently high energies the resolution 
obtainable with photographic emulsions is not worse 
than that of other detecting methods. 

My thanks are due to Mr. E. C. Hewitt for making 
the measurements of the ranges, and the staff of the 
Liverpool cyclotron for the irradiations. 

* Lattes, C. M. G., Fowler, P. H., and Cuer, P., Nature, 159, 301 (1947); 
Proc. Phys. Soc., 59, 883 (1947). 
* Zajac, B., and Ross, M. A. 8., Nature, 164, 311 (1949). 


THE FUNCTION OF THE BOWER 
OF THE SATIN BOWERBIRD IN 
THE LIGHT OF EXPERIMENTAL 
MODIFICATIONS OF THE 
BREEDING CYCLE 


By Dr. A. J. MARSHALL 


Department of Zoology and Comparative Anatomy, 
St. Bartholomew's Hospital Medical College, London 


T has been shown previously that the establish- 

ment of a territory and the building of a bower 
as its focal point by the Australian satin bowerbird 
(Ptilinorhynchus violaceus, Vieillot) occurs in its 
native habitat at the period when the testes begin 
their seasonal expansion. At about 34° S. and :51° E. 
adult male birds permanently leave the winter 
feeding flock in June and July when the days are 
shortening or lengthening at a rate of a few seconds 
per day. Each adult male builds a double-walled 
bower of sticks on the forest floor across the sun's 
path and collects blue, straw-yellow, brown and grey 





















5 


nent 
the 


‘est i- 
hole 






ping | 


pha- 
ping 

1-2 
ford 
is a 

0:3 
mul. 
ver, 


pro- | 


with 
lsion 
cant 
have 


y @& 


own | 


and 
’ for 
ome 
n in 
sion 
ror. 
and 
ght. 
‘ally 
cks, 
the 
This 
tion 
orse 


king 
the 


947); 


ER 


AL 


‘ish- 
wer 
bird 

its 
pgin 


nter 

are 
nds 
lled 
un’s 
rey 








bE i 





Sal spied lls A" ie 


re attentes = MP De 








\o. 4193 March II, 1950 


flowers, parrots’ feathers, snail-shells, fungi and other 
objects and places them in front of the bower. Mean- 
while the male (which at an age of 5-7 years changes 
from grey-green to a glistening blue-black colour) brings 
a female to the bower. She usually stands impassively 
behind the bower while the male seizes a coloured 
object and displays noisily and energetically. The 
emphasis of this display seems often to be directed 
towards the object held; but the male keeps the 
watching female in view. The colours of the display 
things approximately match the blue eyes and some 
of the feather-colouring of the female and immature 
male. 

If the female leaves the bower during the early 
weeks of the season the male stops displaying and 
uses a special call-note (never heard elsewhere), after 
which she usually returns. If she does not return 
the male generally leaves the bower and follows her 
through the forest. The mature blue-black males 
will not tolerate any others of their sex near the 
bower during the display season. If one leaves his 
bower unattended it is liable first to be wrecked and 
then to have its display things stolen by a male from 
a neighbouring bower. The presence of another 
blue-black bird—stuffed or alive—near its bower acts 
as a ‘releaser’ to instant and violent action on the 
part of the owner. Within three or four weeks of 
building its bower and bringing to it a female, the 
male’s testes have increased in volume by more than 
a hundredfold and bunches of spermatozoa have 
appeared in the tubules. During this period there is 
only a@ comparatively minor increase in the size of 
female oocytes. By late in September testis-volume 
has increased by more than three hundredfold and 
free sperms have appeared in the lumina of the 
tubules. It is not yet known what releaser operates 
to transfer the male’s physical attention from the 
coloured display things to the nearby female. But 
late in September or in October the female leaves the 
vicinity of the bower, builds an arboreal nest some 
hundreds of yards away and ovulates. The male 
continues to display at the bower. 

Because the male displays alone at the bower at 
some periods and because it spasmodically renovates 
its bower and brings to it fresh display things during 
the post-nuptial communal flocking season, many 
local naturalists have claimed that ‘esthetic appreci- 
ation’ and ‘recreation’ and not sexual motivation 
is the primary factor underlying bower-building and 
associated phenomena. An investigation of the gonad- 
cycle and other experimental work do not support 
this view. 

In May 1940 two males that had previously built 
bowers were castrated at a period of testis regression 
and did not build bowers or display at the time a 
control bird did so. It was proposed, after a year’s 
recovery period, to inject the experimental birds with 
testosterone to discover whether display and bower- 
building could be re-established ; but the birds escaped 
early in 1941, and the War put an end to work for 
the time being. In October 1944 another bower- 
building mature male was castrated at the height of 
the display-season and of spermatogenesis. Its bower, 
and that of the control bird, was destroyed. The 
control male rebuilt immediately, but the castrate 
failed to do so. The following display season, how- 
ever, the castrate built an imperfect bower, gathered 
coloured objects provided and displayed vigorously 
at it to females in an adjacent aviary. Transferred 
to a second aviary from which it could not see the 
females from the ground, it built another abnormal 
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bower, but spent some time each morning displaying 
from a perch within view of the females. The display 
then waned and had almost discontinued by October 
1945 at a period when control and wild birds were at 
the height of display. The experimental bird’s 
interest in bower, display objects and neighbouring 
females seemed to have declined completely by 
November of the season after gonadectomy. Vocal 
mimicry of other species declined also. 

On December 13, 2:5 mgm. of testosterone pro- 
prionate was administered intramuscularly and six 
days later an additional 4 mgm. was given. The 
following day the bird was liberated in its aviary 
and it displayed vigorously to the females next door. 
A new bower was built on the former site; but it, too, 
was imperfect, having only one wall which ran 
paraliel with the wall of the aviary. By mid-January 
the castrate had lost, interest in its bower and in the 
females, but a further injection of testosterone caused 
a renewal of attention at a period when the interest 
of wild birds in their display grounds is declining. 
Two subsequent injections on January 30 and 
February 11, 1946, were followed by minor displays, 
and after cessation of treatment the bower was 
allowed to fall into disrepair. In April the bird was 
dissected and found to contain no trace of testicular 
tissue. 

The transference of bowerbirds from southern to 
northern hemisphere profoundly modified the bower- 
building and display cycle. In March 1949, a group 
arrived at Regent’s Park, London, and within a 
fortnight the most mature male (at the time of 
writing it is mottled green and blue in plumage-change) 
had built a bower and begun to display at a period 
when British birds are becoming sexually active and 
when bowerbirds in Australia regressed 
gonads and have deserted their territories. It would 
seem probable that the environmental factors that 
stimulate breeding activities in northern hemisphere 
species may correspondingly influence the sexual 
cycle (and through it bower-building and display) 
of Australian bowerbirds. 

Experimental removal of individuals of either sex 
from the bower further emphasizes the sexual and 
territory implications of bower-building. In the 
forest a preliminary bond has been established 
between a given pair before the bower is built. Once 
established, territory and bower assist the male to 
keep other males out; and his display keeps the 
female within his ambit until she has been fertilized. 
Females were removed as they watched individual 
males display in late July and in mid-August. In 
each case the male succeeded in bringing another 
female to his bower within a week. After losing a 
second female at his bower, one male removed his 
display things to another site two hundred yards 
away and attracted a third female to the new bower. 
On two occasions blue-black males were experimentally 
removed from their bowers. In each case the female 
remained in the territory and she and the bower and 
decorations were taken over by an immature and 
apparently unattached grey-green male. The bower, 
then, is a means to a speedy re-mating and ultimate 
synchronization of the sexual processes of a new pair 
if either of the originals is killed. One grey-green 
male, collected for examination a week after taking 
over a female and bower, had seminiferous tubules 
packed with thick bunches of spermatozoa. Young 
cryptic-coloured males are therefore sexually mature. 
Some of them build full-sized bowers and probably 
breed, but their display things are often stolen by 
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the more aggressive blue-black males of the neigh- 
bourhood. This was proved by checking the move- 
ment of diamond-scratched fragments of blue glass 
from bower to bower. 

Territorial aggression and the capacity to collect 
and to retain by active intra-specific competition 
appropriate display things confers a high probability 
that a given blue-black male will breed. Despite the 
domination of mature blue-black males over the 
grey-green younger ones during the sexual season, 
no evidence is yet available that polygamy occurs. 
Nests of Pt. violaceus are hard to find, and in dense 
forest it is extremely difficult to connect a nest with 
a bower, for the conspicuous male apparently takes 
no part in nest-building, incubation or the rearing of 
the young. There is histological evidence that the 
male is potentially polygamous. After shedding 
spermatozoa the testes of monogamous species 
collapse and the seminiferous tubules undergo a 
massive fatty metamorphosis’. Two blue-black males, 
collected while displaying at bowers in December 
(two months after fertilization date), still possessed 
testes of about maximum size. These were packed 
with bunched spermatozoa. Spermatogenesis was 
still actively proceeding and only the first signs of 
fatty metamorphosis showed. The remarkable con- 
tinuation of male interest in the display ground is 
therefore accompanied by an apparently undiminished 
capacity for reproduction. It is only when the female 
and young appear in the bower-territory in January 
that the male dispiay discontinues and the testes 
collapse. The blue-black owner of the bower and a 
party of green-grey birds (up to half a dozen in 
number) disport themselves about the playground 
and then leave the territory to join communal, 
nomadic feeding flocks which noisily range through 
the fruit-trees. The normal number of eggs per 
clutch is one to three. 

It is not known what are the external stimuli that 
influence the breeding cycle and cause the males to 
take up territory as early as mid-winter, though it is 
probably advantageous for an individual to gain 
territory early. There appears to be no change in 
the frugivorous diet at the time the flocks break up. 
In captivity, Pt. violaceus eats insect food all the year 
if it is made available. However, experiments show 
that it does not scratclf aside leaves or other debris 
under which insects or land crustaceans take refuge. 
Again, it makes no attempt to open a transparent 
cocoon through which a motionless organism is 
clearly visible. It will, however, pursue flying 
insects’. Hirst* has evidence that suggests that 
captive satin bowerbirds are unable to bring young 
to maturity on a largely non-protein diet even 
though they bred several years in succession. What- 
ever are the factors that delay ovulation until late 
September or October, it is clear that the delay 
ensures that the young will be launched at the time 
of year when the forest is full of flying insects. 
‘Sudden flushes’ of bogong moths (Agrotis infusa) 
occur during September and October, and swarms 
of winged termites (Coptotermes lacteus and C. 
acinaciformis) suddenly appear from September to 
February. Towards the end of October cidadas 
emerge in millions, and the following month enormous 
numbers of ‘Christmas’-beetles (Anoplognathus spp.) 
appear*. Although the territory habit spreads the 


bowerbird population over the available forest, there 


* Phenological data have been kindly supplied by Mr. Anthony 
Musgrave, Curator of Entomo! 
operative assistance has been 
A. Bollinger. 


y, Australian Museum, Sydney, and 
from Mr. J. Newcombe and Dr. 
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seems no obvious connexion between bower-territory 
and food supply. Both sexes gather food in common 
ground outside the sphere of bower-influence. 

The odd visits of males to their territories during 
the post-nuptial flocking season when the gonads are 
small offers no support for the hypothesis that bowers 
are primarily ‘recreational’ in function. Howard® has 
shown that it is general for many British species to 
visit their territories in winter, and Morley* has listed 
about seventy birds that show autumn or winter 
sexual behaviour. Again, there is now evidence® (and 
Marshall and Coombs, unpubiished) that the avian 
testis, in autumn and winter, is not necessarily ir 
active but has become regenerated in the lipoid and 
cholesterol content of its interstitial cells. This 
regeneration enables the production of a season's 
second brood in some species and may be correlated 
with the post-nuptial display that is so widespread 
among birds. 

At the same time, it is not at present suggested 
that bowerbirds do not get pleasure from their 
vocal mimicry of other species, from their extra- 
ordinary gyrations at the display grounds and 
from the colours of the objects that they bring to 
them. No opinion at present can be offered as to 
the function, esthetic or otherwise, of a final remark. 
able habit: that of painting or plastering the inner 
walls of the bowers with a mixture of charcoal and 
saliva or with fruit-pulp. Some writers have claimed 
that Pt. violaceus shows in this connexion intelligence 
and ‘‘deductive reasoning’. The habit is common 
only at the time of spermatogenesis. 

Experimental work is being continued in Great 
Britain. 





* Marshall, A. J., Nature, 153, 685 (1944). 

* Marshall, A. J., Quart. J. Micro. Soc., 90, 263 (1949). 

* Chaffer, N., The Emu, 30, 279 (1931). 

* Hirst, A., Vict. Nat., 58, 7 (1940). 

* Howard, E., “Territory in Bird Life’’ (London, 1940). 
* Morley, A., The Ibis, 85, 132 (1943). 


METALLURGICAL APPLICATIONS 
OF THE ELECTRON MICROSCOPE 


VALUABLE and stimulating symposium on 

metallurgical applications of the electron micro 
scope was held in the Lecture Theatre of the Royal 
Institution on November 16, 1949. The meeting was 
organised by the Institute of Metals in association 
with seven other learned societies. The president of 
the Institute of Metals, Sir Arthur Smout, was the 
chairman for the morning session, and in the after 
noon the chair was taken by Dr. F. C. Toy, president 
of the Institute of Physics. The sessions were well 
attended by a representative international gathering 
of electron microscopists and by metallurgists inter- 
ested in this new technique for the study of metals. 
Following the usual practice of the Institute of 
Metals, copies of all the contributed papers were 
available before the meeting, and summaries of the 
papers to be discussed at each session were presented 
by rapporteurs—by Dr. V. E. Cosslett at the morning 
session, and by Dr. N. P. Allen at the afternoon 
session. A large part of each session was therefore 
available for discussion. 

In the papers presented during the morning 
session, the emphasis was mainly on technique. The 
opening paper, by Dr. N. P. Allen of the National 
Physical Laboratory, considered very briefly the 
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historical background and the development of the 
electron microscope to-the stage where it has become 
a useful metallurgical instrument. It was written 
from the point of view of the metallurgist, and con- 
cluded with a formidable list of metallurgical 
problems awaiting solution where the electron 
microscope might prove to be a valuable tool. Elec- 
tron microscopy in France was represented by Prof. 
P. Grivet, of the Sorbonne, who surveyed the 
development of the instrument and of the techniques 
employed with particular reference to the C.G.T.S.F. 
electrostatic instrument, in the development of which 
he has played a large part. After a brief account of 
the application of the microscope to the study of 
smal! particles and to metallurgy, the author described 
some recent developments of emission and scanning 
microscopes in France. 

The paper by Dr. H. Mahl, unfortunately very 
brief, was little more than a catalogue of the work 
carried out in Germany during and since the War. 
An interesting micrograph of a fractured steel surface 
obtained by the aluminium pressing method was 
shown, and in view of Dr. J. Nutting and Dr. Coss- 
lett’s contribution on the same topic, one would have 
liked to have heard more of this work. These authors 
have made certain modifications of the method, and 
have produced results which are comparable with 
those of Mahl. The results are of a preliminary 
character and show promise of providing valuable 
information on the process of fracture. In a second 
paper, Drs. Cosslett and Nutting, of the Cavendish 
Laboratory, Cambridge, described an investigation 
of the influence of etching conditions on the stripping 
of ‘Formvar’ films of different thicknesses from 
pearlite and sorbite in a range of carbon steels. The 
sixth paper in the morning session, by Dr. G. L. J. 
Bailey and Miss S. Vernon-Smith, of the British 
Non-Ferrous Metals Research Association, was con- 
cerned principally with the study of non-ferrous 
alloys, preceded by a survey of replica methods and 
some of the artefacts which may arise in plastic 
replicas. They have studied grain-boundary structure 
in 8-brasses containing aluminium, grain-boundary 
precipitation in aluminium-magnesium alloys, and 
several other aluminium alloys. y-Phase was shown 
to be precipitated in the grain boundaries of the 
high-tensile brasses which are subject to brittle 
fracture. Dr. C. M. Schwartz contributed an inter- 
esting and valuable survey of the methods employed 
in the United States for the examination of metal 
surfaces by electron microscopy and of some of the 
results that have been obtained. 

In introducing these papers, Dr. Cosslett con- 
sidered briefly the rapid development of the electron 
microscope in the past fifteen years and compared it 
with the development of the X-ray diffraction tech- 
nique. He thought that any new instrument or 
technique goes through three stages—development, 
use in research laboratories, acceptance as a tech- 
nological tool. For example, the X-ray method is 
now widely used in research and as a tool for the 
control of technological processes. The electron 
microscope seems to have reached the second stage 
in its history, and, provided that certain prejudices 
ean be overcome and that every care is taken to 
establish confidence in the instrument, there is no 
reason why it should not pass on to the third stage. 
The discussion was opened by Prof. G. I. Finch, of 
the Imperial College of Science and Technology, with 
an appeal to electron microscope users to avoid 
scientific myopia, to treat the electron microscope as 
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an aid to research to be used in conjunction with 
other methods and to leave the design of instruments 
to the makers and to electron opticians. He thought 
that much of the controversy over the interpretation 
of results could be overcome by suitably planned and 
often simple experiments; in particular, he was 
critical of the attention given to hypothetical ex- 
planations of artefacts arising in plastic replicas. By 
way of answering some of Prof. Finch’s criticism, 
Dr. Bailey elaborated the discussion of artefacts in 
his paper and gave an expression relating film 
thickness to the viscosity of the plastic solution and 
the time after withdrawing the specimen from the 
solution. Mr. J. Trotter, of the National Physical 
Laboratory, directed attention to some of his recently 
published results which establish that artefacts can 
arise in the way postulated by Bailey and Cosslett, 
but also show that these effects may not always be 
introduced by the replica. 

There was a lively discussion of the micrographs of 
pearlite illustrated in Dr. Nutting’s paper and of an 
aluminium pressing replica of the same material, in 
which Dr. W. Hume-Rothery, Dr. Allen, Dr. Cosslett 
and Dr. A. F. Brown joined. Dr. Allen mentioned 
some work carried out at the National Physical 
Laboratory by Messrs. F. W. Cuckow and J. Trotter 
in which the transformation of a steel at about 
400° C. has been studied by phase-contrast microscopy, 
and by the plastic and silica replica processes in the 
electron microscope. The results are such as to give 
confidence in the plastic replica process. Prof. Grivet 
referred to the advantages of dark-field illumination 
in certain cases, particularly where it is desired to 
distinguish between amorphous and crystalline 
material. As an example, he projected a micrograph 
of a thin section of rubber prepared by normal 
illumination and another prepared with dark-field 
illumination. In the latter, the crystalline particles 
of zinc oxide could be clearly seen. The limitation 
of resolution imposed by the molecular size of such 
materials as polystyrene and ‘Formvar’ was raised 
by Prof. Finch, who said that it had perhaps been 
inferred that there was no such limitation with 
aluminium oxide replicas, and he questioned the 
accuracy of this inference. Could it be assumed that 
the aluminium oxide is formed in the molecular 
state? Mr. Agar mentioned the pre-shadowing 
technique which has proved valuable in the biological 
field, and he said that he has had some limited success 
in applying it to metallurgical studies. 

The papers discussed in the afternoon session were 
concerned mainly with metallurgical investigations 
rather than with the technique of electron micro- 
scopy. The paper by Messrs. Trotter, D. McLean and 
C. J. B. Clews, of the National Physical Laboratory, 
described an examination of the microstructures 
of a series of iron-carbon alloys. The electron 
micrographs reveal detail beyond that visible with 
the light microscope. An important feature of the 
work is the wide variety of microstructures which 
can exist in a specimen of given carbon content. 
Dr. F. Keller, of the Aluminium Co. of America, 
reviewed the various methods of specimen prepar- 
ation used in the study of light alloys, and some of 
the results obtained. It appears that the ‘critical 
size’ of precipitate particles to obtain optimum 
strength or hardness in age-hardening light alloys 
varies appreciably with the type of alloy and the 
hardening constituent. In an aluminium—magnesium— 
silicon alloy the particles are 0-02 u in size, while for 
a fully aged aluminium-silver alloy they are as large 
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as 0-5u. Messrs. G. L. Bucknell and G. A. Geach, of 
the Associated Electrical Industries Research Labor- 
atory, have also studied age-hardening, in this case 
in an aluminium-—1 per cent copper alloy using the 
oxide replica process. They show an interesting 
series of micrographs, including two which purport 
to show plate-like precipitation after ageing at room 
temperature. 

The slip processes in aluminium were the subject 
of a contribution by Dr. A. F. Brown, of the Cavendish 
Laboratory, Cambridge. He has extended the elec- 
tron microscopic investigations of Heidenreich and 
Shockley to the study of deformation at temperatures 
from — 180° to 500° C. He found that at all temper- 
atures the slip zones seen in the light microscope 
could be resolved into elementary slip lamelle, and 
that the width of these lamelle# and the amount of 
slip do not alter with temperature, the only difference 
being in the grouping of the lamella. The lamellz 
were 200-800 A. thick and the slip distances were 
1600-2200 A., the higher values in both cases being 
found at higher temperatures. Nickel-chromium 
alloys used in heater elements were examined by 
Messrs. B. 8S. Cooper and G. A. Bassett, of the 
General Electric Co. They found that the methods 
of specimen preparation used in optical microscopy 
were unsuitable, and it was therefore necessary tw 
study the effects of several etching reagents. An 
interesting series of comparative electron micro- 
graphs were shown. The last paper, by Mr. J. I. 
Morley, of Brown-Firth Research Laboratories, was 
rather different in character and was concerned with 
the examination of metal powders in the electron 
microscope. The micrographs show tungsten powders 
produced by different methods and the effect of 
ball-milling on particle-size. Attention was also 
directed to the use of shadowing to give information 
about the height of particles and the profile of their 
upper surfaces. 

In introducing these papers, Dr. Allen considered 
them mainly from the point of view of a metallurgist, 
and he also took the opportunity of referring to 
matters of metallurgical interest in the papers dis- 
cussed at the morning session. He mentioned the 
o-phase. work of Mahla and Nielson, and Heiden- 
reich’s study of the carbide precipitates formed 
during the tempering -of martensite quoted in 
Schwartz's paper. Etch patterns exhibited by Grivet, 
by Geach and Bucknell, and by Cooper and Bassett 
show the need for more information on the nature of 
the etching process if full value is to be obtained from 
electron micrographs. Although the interpretation 
has given rise to controversy, the use of the aluminium 
pressing method holds promise for the examination 
of fractured surfaces. The widely different structures 
which can be found in a given metallurgical specimen 
emphasize the need for care in basing any conclusions 
on a single electron micrograph. 

Mr. G. L. Bailey, director of the British Non-Ferrous 
Metals Research Association, opened the discussion. 
He thought that while the papers in the symposium 
had gone far to give the metallurgist confidence in 
the instrument, it was not yet completely established 
in the field of metallurgical research. He questioned 
certain features in a number of the micrographs, and 
this had the useful effect of stimulating the ensuing 
discussion. M. R. Castaing, of the Office National 
d’Etudes et de Recherches Aéronautiques, Paris, 
described some very interesting work on the ageing 
of 4 per cent copper—aluminium alloy and on an 
aluminium alloy containing magnesium and silicon. 


Aluminium alloy containing 0-8 ber cent magnesium, 0-5 per cent 
silicon aged for 24 hr. at 250°C. Oxide replica, chromium- 
sh-dowed. xX 12,000. (RK. Castaing) 


The precipitation was shown at an early stage of the 
ageing process, and it has been established by X-rays 
and by the examination in the electron microscope 
of shadowed oxide replicas containing etch pits that 
magnesium silicide (Mg,Si) is precipitated in such 
@ way that the (111) planes of the magnesium 
silicide lattice are parallel to the (100) planes of 
the matrix. Some very striking electron micro 
grapbs were shown (see accompanying illustration). 
Prof. A. Guinier made a few general remarks in 
which he emphasized the need for correlating optical 
and electron microscopy and X-ray diffraction when 
studying age-hardening phenomena. He said that 
the electron microscope cannot observe the very thin 
plates of precipitate known as Guinier—Preston zones 
although the latter can be detected by X-ray methods. 
Since no zones or larger precipitate can be found by 
X-rays after room-temperature ageing, he thought 
that ageing must have been produced in the specimens 
examined by Geach and Bucknell by some unknown 
factor such as heating in the electrolytic polishing 
bath. These authors agreed that the specimens may 
have been warmed in this way. 

Some work on 4 per cent copper-aluminium alloy 
was described by M. A. Saulnier, of Chambéry, who 
has made dilatometric observations, hardness meas- 
urements and electron micrographs on the same 
specimens. Micregraphs show the precipitation 
between 175° and 350°, and an attempt has been 
made to relate the three sets of observations. Dr. 
Brown enlarged on the remarks of the rapporteur and 
referred in addition to some experiments on the use 
of methyl methacrylate as a replica material. This 
is polymerized on the surface of the metal, and it 
has been possible to show the presence of slip 
lines. Mr. Challice mentioned the ‘orange peel’ etch 
pattern shown on aluminium oxide replicas, and 
stated that he had observed a similar effect with an 
oxide replica of an electropolished iron specimen. 
Dr. Allen and Mr. Bailey were doubtful of the value 
of certain micrographs which show unusual etch 
figures (for example, the work of Cooper and Bassett), 
and a number of speakers referred to similar results 
found by other workers. The work of Chalmers and 
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King on the thermal etching of silver shows that the 
etch patterns differ widely, depending on the erystal- 
lographie orientation of the material. Recent 
developments in France of scanning and emission 
microscopes were briefly described by Prof. Grivet. 
In tle scanning microscope, which he is developing 
in collaboration with Prof. Guinier, a fine electron 
beam falls on the specimen, and the X-rays generated 
are detected in a Geiger—Miiller counter. Dr. P. 
Coheur, of C.N.R.S., Liége, in referring to the paper 
by Trotter, McLean and Clews, mentioned some of 
his own investigations on steel specimens. He has 
extracted the carbides from the steels by the alcoholic 
iodine method, for X-ray examination. Following on 
this topic, Dr. Clews gave a brief account of some 
recent work on the tempering of martensite, com- 
prising an electron microscope study, the examination 
of the etched metal surface by electron diffraction 
reflexion patterns, and subsequent X-ray examination 
of alcoholic iodine residues. The results are in excel- 
lent agreement among themselves and with some 
unpublished work by Jack. 

Sinee its inception in 1932 a very great amount of 
development, both of the instrument and its associ- 
ated techniques, has been necessary ; but from the 
papers presented and the discussion which followed, 
there is no doubt that the electron microscope has 
now become an important tool for the study of metal 
surfaces. An interesting exhibition of electron 
micrographs was arranged in the ante-room to the 
lecture theatre, and methods of replica preparation 
were demonstrated at the end of the meeting. 

C. J. B. CLews 
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BRITISH NON-FERROUS METALS 
RESEARCH ASSOCIATION 


NEW LABORATORIES 


IR BEN LOCKSPEISER, secretary of the De- 

partment of Scientific and Industrial Research, 
opened extensions to the laboratories of the British 
Non-Ferrous Metals Research Association on Febru- 
ary 13. This was made the occasion of a Press conference 
at which some fifty representatives of the daily and 
technical Press were present. After an introductory 
talk by Sir Ben, the visitors toured the laboratories 
and saw work in progress. On the next three days 
the laboratories were open to some seven hundred 
guests, mostly from the technical staffs of member 
companies, but with many from Government depart- 
ments, universities and research associations. 
™ The new extensions were provided by reconstruc- 
tion* of a building destroyed during the War; they 
represent for the present the concluding stage of a 
programme of enlargement which has been in pro- 
gress for some years. The Association now has 
well-balanced facilities to undertake the work which 
the non-ferrous industry requires. 

The basement of the new building contains the 
new metal-working laboratory, with equipment 
intended for the production of any special wrought 
metals required for use in the Association’s experi- 
mental work. Such specimens have hitherto been 
provided by the willing and generous assistance of 
member companies at some inconvenience to them- 
selves. The equipment of the metal-working labor- 
atory includes a 500-ton down-stroke hydraulic press 
which can be used for extrusion or press forging; a 

2 in. x 12 in. rolling mill equipped with plain rolls 
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for sheet and strip production, and grooved rolls for 
the production of bar material; two smaller presses 
(one for powder metallurgy), a drawbench, machine 
tools and other ancillary plant. 

The first floor is devoted to the general metallurgy 
section, for which laboratory facilities have hitherto 
been inadequate. Equipment is available for the 
study of slag/metal and gas/metal reactions, and 
includes sensitive apparatus for the extraction of 
gases from metals and their subsequent analysis. A 
7-kW. output high-frequency induction furnace is 
available for gas-extraction work where resistance 
heating is inconvenient, for oxygen determinations 
by vacuum fusion of metals in carbon and as a 
general tool in the study of equilibria at high tem- 
peratures. Studies are in progress of the copper/phos- 
phorus/oxygen equilibrium and of properties of 
copper-smelting slags affecting smelting losses, a 
subject of interest to Commonwealth copper pro- 
ducers. These. laboratories also contain various 
heat-treatment furnaces and a 20-kW. carbon resistor 
vacuum-furnace of the Kroll type, used, for example, 
in the melting of titanium : the Association is taking 
a@ very active part in research sponsored by the 
Ministry of Supply into the possibilities of titanium 
and its alloys. The general metallurgy section also 
includes the equipment for routine metallographic 
examination used in all the Association’s researches. 
Special metallographic work has included the de- 
velopment of the use of diamond dust for metal- 
lographic polishing, for example, for thin coatings 
on hard-basis metals, and the design and construction 
of equipment for micro-hardness testing. 

It should, however, be emphasized that these new 
extensions of the British Non-Ferrous Metals Re- 
search Association laboratories, important though 
they are, form only a part of the total space, apparatus 
and plant available, all of which were inspected by 
the visitors on the open days. In the present brief 
notes it is impossible to describe the entire establish- 
ment and the researches in progress: attention will 
therefore be limited to some facilities available for 
the application of physical and physico-chemical 
techniques and apparatus to the study of funda- 
mental metallurgical problems. 

In corrosion research, application is made of 
measurements of corrosion currents and electrode 
potentials, if necessary with continuous recording. 
Electrode potentials must be measured with instru- 
ments which take a negligible current, otherwise the 
electrode under observation might be polarized, 
yielding an untrue result. Measurements are there- 
fore usually made with valve. voltmeters or other 
instruments incorporating some degree of D.c. 
amplification. A number of instruments are in use 
(some adapted for continuous and multiple recording) 
which take maximum currents from 10-* to 10-"* amp. 
In respect of the study of corrosion, mention may 
also be made of the polarograph; primarily an 
instrument for analytical purposes, this has been 
used for demonstrating differences in the character 
of supply waters which are not apparent from other 
methods of investigétion. The various electro- 
chemical methods mentioned have been applied, for 
example, in the course of investigations on the 
corrosion of galvanized steel and of copper. Another 
electrochemical technique, the measurement of 
voltage-current curves over very short time-intervals, 
is being applied to the study of the anodic film which 
is believed to be of importance in the mechanism of 
electropolishing. 
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The Association's physics laboratories are equipped 
with an electron microscope, an electron-diffraction 
apparatus and an X-ray generator, with a wide range 
of cameras. The techniques thus available are applied 
as required throughout the Association’s work both 
in its internal research programme and as ad hoc 
service to assist member firms in dealing with current 
technical problems. The electron microscope is 
proving of special value in the study of grain- 
boundary structures, which have been found to be 
of great importance in the technical properties of 
alloys. Electron-diffraction has been applied usefully 
to the study of the adhesion of electrodeposits on 
aluminium alloys and to the examination of the 
oxide films formed on liquid and solid metals, while 
the X-ray equipment is in constant use for the 
identification of chemical compounds and for studies 
of the constitution and texture of materials. In the 
physics section also, measurements of surface energy 
and surface tension are throwing light on soldering, 
brazing and hot-dip metal coatings ; while multiplier 
photocells are being applied to the direct measure- 
ment of the intensities of spectral lines, in further 
development of the Association’s well-known investi- 
gations on the spectrographic analysis of metais. 






CHEMICAL ATTRACTANTS FOR 
INSECTS: SEX- AND FOOD- 
ODOURS OF THE COTTON LEAF 
WORM AND THE CUT WORM 


By Pror. B. FLASCHENTRAGER 


AND 
EL SAYED AMIN 
Faculty of Science, Farouk | University, Alexandria 


E have been investigating the cotton leaf worm 

(Prodenia litura, Fab.) and the cut worm 
(Agrotis ypsilon, Rott.), the most harmful pests of 
cotton in Egypt**. Female moths are found to 
attract the male moth and not vice versa, as with 
the gypsy moths‘. If the females are separated in a 
glass chamber from the males, no attraction occurs. 
The odour of the female appears an hour after 
hatching and is restricted to the last two abdominal 
segments. The sex-odour disappears from the cut 
abdominal segments in a vacuum, but reappears 
again after 15 min. under normal It dis- 
appears totally after one and a half hours. It can 
be extracted from the abdominal segments with 
purified ether, and the ethereal residue shows the 
same power of attraction as the living moth. This 
proves that the female attracts the male by one or 
more chemical substances and not by sound or 
radiation. 

We have developed an apparatus (an odour- 
analyser) which enables us to study sex- and food- 
odours chemically and biologically simultaneously. 
It consists of three parts: an odour-developer con- 
taining the females or the food, the odour-receiver 
with which we investigate the physical and chemical 
properties of the odours, and the odour-tester in 
which the males are able to migrate against the 
odour-stream and not the reverse. With this 


apparatus the sex-odour of the cotton leaf worm was 
found to be a volatile, neutral substance or mixture ; 
it could be frozen out at —20° C. 


It was stable 
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against dilute sulphuric acid and dilute sodium 
hydroxide. With concentrated sodium hydrogen 
sulphite we were able to extract the sex-odour from 
the air-stream. This the presence of an 
oxo-group in the molecule. 

We found that fermenting ‘bouza’, the Egyptixn 
wheat-beer* which is used in the Andree—Maire trap 
to attract the moths of cotton pests'*, contains a 
volatile mixture, consisting mainly of ethanol and 
acetic acid. However, pure ethanol attracts very fe 
moths, and acetic acid does not attract any moth. ; 
but a mixture of the two attracts many more. Tic 
bouza odour is volatile with steam and can be frozen 
out. It is stable with dilute sulphuric acid and 1 per 
cent formalin, but is partially destroyed by dilute 
sodium hydroxide. Concentrated sodium hydrogen 
sulphite had no effect on bouza-odour, in contrast to 
its effect on the female sex-odour. 

The extraordinary sensitivity of the sense organs 
of insects enables us to investigate with our apparatus 
some of the chemical properties of sex- and food. 
odours, in order to find the best way of enriching 
them and also to test the fractions of extracts. 

Reports on this work were given on September 29, 
1948, at Frankfurt before the Deutsche Physiol- 
ogische-Chemische Gesellschaft (Angew. Chem., 61, 





252; 1949), and on November 30, 1948, at the 

Faculty of Science, Farouk I University, Alexandria. 

* Bishara, I., Bull. Soc. Roy. Entomol., 18, 288 (1943); Tech. and Sci 
Service Bull.. 114, 1 (1932) (Ministry of Agriculture, Cairo : 
Government ). 

* Willcocks, F., “The Insects and Related Pests in Egypt”, 1, Pt. 2 
(Cairo, 1937). 

* Kamal, M., Proc. VI. Internat. Congress Entomol., Madrid, 1935, 2 
567 a 

* Haller, , Potts, 8. F., and Acree, F., J. Amer. Chem. Soc., 66. 
1659 rite 


* Monib, M., Fac. of Agriculture (Cairo, 1948). 
*See also Dithier, “legs “Chemical Attractants and Repellents” 


Geates. 1947). Vv. B., “The Principles of Insect 
~~ fm (3rd, London, 1947). en 4 = M., 
mica! Senses’ ¥ 1044). Frise! » Eine lenkte 


im Dienste der Landwirtschaft und mkerel’ “w fen, 1947) 


PERCEPTION AND MEASUREMENT 
OF ODOUR 


LECTURE in Esperanto on “The Perception 
and Measurement of Odour’ was given by Dr. 
D. R. Duncan on January 17 at University College, 
London, at the conclusion of the annual general 
meeting of the British Esperanto Scientific Asso- 
ciation. Dr. Duncan first reviewed the attempts 
which have been made by Linnzus', Zwaardemaker*, 
Henning*, Crocker‘ and others to evolve systematic 
classifications of the known types of odour, mainly 
on the basis of subjective judgments of similarity 
and dissimilarity. He felt that Zwaardemaker’s was 
by far the best attempt; but that the real solution 
of the problem demands attack by other methods, 
including a quantitative approach. Dr. Duncan 
described the pO scale of odour intensity and various 
instruments which have been used for estimating 
odour intensities, including the Fair—-Wells osmoscope‘ 
(which is now an article of commerce) and an improved 
apparatus designed by Dr. G. H. Cheesman and him- 
self. He gave reasons for assuming that there is « 
limited, though large, number of primary odours, 
other odours being produced by simultaneous 
stimulation of more than one type of receptor. 
He then described unpublished work carried out 
by himself in a preliminary attempt to analyse 
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odours. Of various methods employed, he has found 
the method of odour ‘fatigue’ most helpful. Prolonged 
exposure to one odour reduces the sensitivity of the 
nose to other similar odours and often leads to 
striking changes in the apparent odours of other 
substances. In cases where no change in intensity or 
character of odour occurs, it may be assumed that 
there is no primary odour in common, and the 
converse should also be true. By quantitative 
measurements of loss of sensitivity under standard 
conditions of fatigue, it may even be possible to 
effect a quantitative analysis of odour stimuli, a line 
which is being pursued by Dr. Cheesman. 

Dr. Duncan has concentrated on the study of the 
qualitative changes, supported by rough estimates of 
sensitivity changes due to fatigue and by more 
accurate odour-mixing experiments. Dr. C. M. Bean 
has independently carried out qualitative work on 
odour fatigue on much the same lines. In broad 
terms, the results confirm that Zwaardemaker’s 
classification has a considerable element of truth in it. 

The main difficulty in such work is to make an 
intelligible written record of the subjective observa- 
tions; but by concentrating on a small group 
of odours (Zwaardemaker’s classes 1 and 2), it has 
been possible to reach some definite results. In 
illustration, evidence was presented which suggests 
that the odour of cyclohexanol differs from that of 
cyclohexanone in that the former contains about 1 per 
cent of @ component not present in that of cyclo- 
hexanone but present as a major component in the 
odour of tertiary butyl alcohol, while the odour of 
cyclohexanone contains instead about 6 per cent of a 
component also present as the major component in 
the odours of acetone, methyl ethyl ketone and 
tetrahydrofuran. The primary stimuli common to 
cyclohexanol and cyclohexanone, producing an overall 
minty effect, include: (1) an ‘aromatic’ component 
present in the odours of menthol, camphor, eucalyptus 
oil, weakly in the odour of isobutyl alcohol and very 
weakly in those of cyclohexane and cyclohexylamine ; 
(2) a sweet sensation (probably stronger in cyclo- 
hexanone than in cyclohexanol), present also in 
menthol and more powerfully in cyclohexane and 
many chlorinated hydrocarbons, particularly chloro- 
form—this sensation is stated by Henning to be due 
to stimulation of taste buds present in the nose ; 
(3) possibly, but very weakly in comparison with 
menthol, a component stimulating the temperature- 
sensitive nerves in the nose. 

Linné, K. von, Ameenitates Academicer, 3, 195 (1756). 
*Zwaardemaker, H., “Die Physiologie des Geruchs” (Leipzig, 1895). 
* Henning, H.. “Der Geruch”’ (Leipzig, 1916). 

‘Crocker, E. C., and Henderson, L. F., Amer. Perfumer, 22, 325 (1927). 
‘E =e A. Bull. No. 524 from Messrs. Eimer and Amend, New York. 


r, G. M., and Wells, W. F., J. Amer. Water Worls Assoc., 
26. "674 (1934). 
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STUDY OF METEOR VELOCITIES 


N October 26, Dr. J. G. Porter, president of the 
British Astronomical Association, delivered his 
presidential address, taking as his subject ‘“The Study 
of Meteor Velocities’”’*. As a result of the Harvard— 


Cornell Meteor Expedition in Arizona during 1931-33, 

it was believed that most meteors were moving with 

highly hyperbolic velocities—a conclusion which Dr. 

Porter never accepted. He spent some years in 

investigating the subject with the utmost care, and 

showed that the methods adopted in the Harvard- 
* J. Brit, Astro. Assoc., 60, 1 (1949). 
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Cornell Expedition were unsound, and he found no 
real evidence that any meteors were hyperbolic. It 
is significant that none of the meteors doubly photo- 
graphed by members of the Expedition showed 
hyperbolic velocities, and it is now generally accepted 
that meteors are members of the solar system. Dr. 
Porter’s analysis of about three thousand meteor 
observations*, from which there were sufficient 
doubly observed to givs the real paths of 778, showed 
in addition that, contrary to the opinion of a number 
of experienced workers in meteoric astronomy, there 
was no essential difference between the heights of 
appearance and disappearance of the shower and 
sporadic meteors. 

Dealing with the relation between a number of 
well-known meteor showers and the comets usually 
associated with them, Dr. Porter pointed out in his 
address that the usually accepted view that these 
meteors are the debris of the comets is open to con- 
siderable doubt. In support of the contrary view, he 
referred to the Leonids and Perseids which have been 
active for a thousand years and to the Lyrids which 
have been active for about two thousand years, but 
the comets with which they are associated were not 
discovered until the nineteenth century. A more 
convincing case is found in Comet Giacobini-Zimmer ; 
in 1926 the meteors associated with this comet came 
from particles in front of it, not from the debris 
following behind. Dr. Porter considers it more simple 
to assume that this and other comets are moving 
along in orbits with the dust that is responsible for 
the meteori¢ showers, such dust being quite inde- 
pendent of the comet, though it is just possible that 
in the remote past both may have been derived from 
a@ common source—perhaps from a great comet which 
disintegrated. Further corroboration for this view is 
found in the work of the Computing Section of the 
British Astronomical Association (of which the presi- 
dent is director), which was carried out during the 
Second World War. Of all known comets, it was 
shown that only sixty approached the orbit of the 
earth within 0-1 astronomical unit, while thirty-five 
came within 0-05 unit. There did not appear to 
be any connexion between these (with the exception 
of six) and any meteor showers—a result which is 
very significant if meteor showers are formed from 
the debris of comets. 

Many other points were discussed by Dr. Pcrter ; 
but it is impossible to deal with all of these in this 
article. One important development in meteoric 
work referred to in the address, however, may be 
mentioned, namely, the application of radar to 
determine radiants and also speeds of meteors. Very 
useful work has been accomplished already, and we 
may confidently look forward to great strides in the 
near future. The discovery by radar of the great 
daylight streams in 1946 was a new departure in 
meteoric astronomy, and one can scarcely predict 
what further important developments will take place 
in the next few years. It is interesting to notice that 
in the past very few radiants seemed to be active in 
September, and this has been confirmed by radar. 

In the course of the address, Dr. Porter appealed 
for more observers of meteors and also for more 
computers who would use the observational results 
to determine real paths. He mentioned a mechanical 
apparatus under construction which will facilitate 
such computations and will, in fact, give the heights 
and path-lengths of meteors directly. 


* The results ag a under the title, “An Analysis of British 
Meteor Data’’ (Mon. Roy. Astro. Soc., 108, 3; 1943, ona 104. 
257; 1945). See also y Ee 152, 420 (1943) ; 155, 761 (1945) 
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LETTERS TO THE EDITORS 


The Editors do not hold themselves responsible 
for opinions expressed by their correspondents. 
No notice is taken of anonymous communications 


Measurements of the Energy of Beta- and 
Gamma-rays with a Scintillation 
Counter 


Broser and Kallmann' have shown that mono- 
energetic alpha-particles give pulses of the same 
height in a scintillation counter, and that the pulse- 
height is proportional to the energy of the alpha- 
particles. It is found in studying the pulses for some 
beta-radia+ing substances that there is proportion- 
ality between pulse-height and energy also in this 
case. The same result is obtained when studying 
the pulse-height from the gamma-rays emitted by 
different substances. There is, in this case, a con- 
tinuous distribution of pulses from zero to a certain 
maximum height which corresponds to the continuous 
distribution of Compton electrons produced in the 
absorption of the gamma-rays. By determination of 
the end-points of the distributions, a rough measure 
ig given of the energy of the gamma-rays. Recently 
Jordan and Bell* have published some measurements 
of that kind. This method gives rather uncertain 
results, especially for gamma-spectra with more than 
one energy. I have therefore tried to determine the 
pulse-height corresponding to those photo-electrons 
which are created at the absorption of the gamma- 
rays in the phosphor. 

If one uses in the scintillation counter a phosphor 
which contains elements of high atomic weight, a 
fairly large number of photo-electrons will be created ; 
and those electrons should give a maximum in the 
distribution of pulse-height, which would be easier 
to determine than the end-point of the Compton 
distribution. A number of gamma-radiating sub- 
stances have been investigated and the maxima 
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Fig. 1 


corresponding to the photo-electrons have been 
found in every case. A sodium (thallium) iodide 


phosphor was used; the pulses from the photo- 
multiplier (R.C.A. 1P21) were amplified by a linear 
amplifier and the pulse-height was studied by 
means of a discriminator. An example is given in 
Fig. 1, which shows the curve obtained for sodium-24. 
The number of counts in a small pulse-height interval 
is plotted against the pulse-height. The maxima 
corresponding to the two energies 1-4 and 2-8 MeV. 
can be seen. 
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To use this apparatus for the measurement of 

i it must be calibrated with known? 

gamma tra. Fig. 2 shows this calibration curve. 

The pulse-height corresponding to the photo-electrons 

from different gamma-rays has been plotted agai: st 

the energy of the rays. The diagram shows that the 

pulse-height is proportional to the energy, and also 

gives an indication of the accuracy that can be 

attained with this method. The uncertainty seems 
to be of the order of 2-3 per cent. 
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Fig. 2 


The calibration curve of Fig. 2 applies to the photo 
electrons of the gamma-rays. It should be possible, 
however, to use it for the measurement of electrons 
in general, for example, from a beta-emitting sub- 
stance. As a check on the calibration curve, the 
pulse-height distribution was measured for a number 
of beta-emitters: manganese-56, iodine-128 and 
radium E. By means of the Fermi plots from these 
measurements and the calibration curve, the maxi- 
mum energy of the beta-rays was found. The follow- 
ing values were obtained (the corresponding values 
according to Mattauch* are given in brackets for 
comparison): manganese-56, 2-82 + 0-05 MeV. 
(2-84); iodine-128, 2-04 +0-04 MeV. (2-02); 
radium E, 1-19 + 0-03 MeV. (1-17). It is thus 
possible to measure beta-spectra with a compara- 
tively good accuracy by means of scintillation 
counters. The method will be more useful, how- 
ever, for the measurement of gamma-rays, because 
of the possibility it affords of measuring very weak 
samples. 

A more detailed account of this work will be pub- 
lished elsewhere. 


Sven A. E, Jonansson 


Department of Physics, 
University of Lund. 
Nov. 11. 


* Broser, I., and Kallmann, H., Nature, 163, 20 (1949). 
* Jordan, W. H., and Bell, P. R., Nucleonics (Oct. 1949). 
* Mattauch-Flammersfeld, “Isotopenbericht”’ (1949). 
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Adaptation of a Coli Phage to an Acridine 
Derivative 

Fitzgerald and Leet have shown that certain 
acridine derivatives, in concentrations tolerated by 
the bacteria, prevent the multiplication of the corres- 
ponding coliphage 7’ 2. They were able to neutralize 
this inhibiting action by the addition of nucleic acid. 

With a different coliphage and the corresponding 
Esch. coli, we have obtained similar results. The 
inhibitor used was 3,6-diamino-10-methylacridinium 
chlorhydrate. Incidentally, we may mention that 
heparin and another sulphuric ester, that of cellulose, 
suppress this inhibiting action. 

Using the Hershey technique for counting the phage 
particles, we have obtained the following results. If 
instead of ordinary agar we use nutrient agar plates 
containing 0-0002 per cent of the inhibitor, the 
majority of the phage particles fail to give rise to 
plaques, a plaque count from a typical experiment 
giving 15,000 particles per c.c., a parallel count on 
ordinary agar giving 2,400 million particles per c.c. 
If, however, one of the plaques from the ‘acridine’ 
agar is transferred to broth containing 0-0002 per 
cent inhibitor, and subcultures are made, a count 
after ten passages gives the following results: on 
ordinary agar, 3,400 million particles ; on ‘acridine’ 
agar, 2,760 million particles per c.c. This adapted 
phage, after three passages in ‘acridine’ broth, was 
subcultured eight times in ordinary broth, a subse- 
quent count giving, on ordinary agar, 1,900 million 
particles and on ‘acridine’ agar 1,090 million particles 
per c.c,. 

Coliphage can be adapted to produce plaques on 
‘acridine’ agar, and adaptation persists after eight 
passages in ordinary broth, each passage entailing 
an initial phage dilution of 10~*. The adapted phage 
also shows a certain adaptation towards acridine 
orange, the only other derivative tried to date. 

Whether this adaptation is due to selection or 
mutation is still an open question. Full details of 
these experiments will be published elsewhere. 

W. MuTsaars 

Laboratoire de Bactériologie, 

Université libre de Bruxelles. 

Nov. 9. 
‘J. Immunol,, 52, 127 (1946) 


Electron-Microscope Study of the Peritrophic 
Membrane in Dixippus morosus 
DurinG the course of an examination of natural 
membranes, which might be studied directly with 
the electron-microscope, it was observed that the 
peritrophic membrane of the intestine of Dixippus 
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morosus presented several interesting features. It has 
a submicroscopic structure more or less comparable 
with that of the nuclear membrane in oocytes of 
Triturus torosus and Xenopus levis'. 

The mid-gut was emptied and the peritrophic 
membrane isolated, washed in distilled water, placed 
wet on the object-carrier, and allowed to dry in the 
atmosphere. The electron-microscope examination 
was carried out using a tension of 60 kV. The peri- 
trophic membrane shows a more or less regular net- 
work structure, probably fibrous, with a thin film 
stretched across the holes of the network (Fig. 1). 
This thin film shows no visible structure. Rapid dry- 
ing, or the action of an intense electro.. beam, brings 
about a tearing of the film or a reduction in thick- 
ness, leaving, apparently, true holes in the network. 
On gold-shadowed preparations a relief structure 
appears, the thicker fibrous network standing out 
above the thin films (Fig. 2). 

The relative number of ‘holes’ and of ‘thin films’ 
in the meshes of the network varies from one prepara- 
tion to another (compare Figs. 2 and 3). 

Further work is required before discussing the 
interpretation of this structure, its origin and its 
physiological function; in particular, membranes 
from other species of insects must be studied. 

Water HvuBER 
Centre National de la Recherche Scientifique, 
Laboratoire d’Embryologie Expérimentale 
de la Faculté des Sciences, 
Strasbourg. 
; CHARLES HAASSER 

Ecole Nationale Supérieure de Chimie, 
Microscope Electronique, 

Strasbourg. 
Nov. 15. 


* Callan, H. G., Randal!, J. T., and Tomlin, 8. G., Nature, 163, 280 
(1949). 


Quinone-tanning in the Mollusca 


THE presence of proteins tanned by an ortho- 
quinone has been established in certain arthropodan 
cuticles'~* and in trematode egg capsules‘. Recently, 
Dennell® has shown that the chetz of the earthworm 
Allolobophora are hardened by quinone-tanning. He 
also suggested that quinone-tanning of protein struc- 
tures may be a widespread occurrence in the inverte- 
brates. Observations which have been recently made 
on the bivalve ligament indicate the presence of a 
similar phenomenon. 

The ligament of Anodonta, like that of many other 
bivalves, consists of two main layers, the outer and 
the inner*. The former is amber in colour and appears 
to consist largely of tanned proteins ; the inner layer 
is calcified, is white in colour and 
only occasionally shows signs of 
slight tanning. The Millon and 
xanthoproteic tests give positive re- 
sults only in the outer layer. Evi- 
dence that the amber coloration of 
the outer layer of the ligament is 
due to tanning by an orthoquinone 
is given by the fact that, even after 
boiling, it induces a rapid oxidation 
of the Nadi reagent (a mixture of di- 
methylparaphenylenediamine and 
a-naphthol), which has been used to 
indicate orthoquinones in insect and 
crustacean cuticles**, The argent- 
affine reaction for polyphenols and 
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polyamines is most marked in the outermost region 
of the outer layer. 

A detailed account of this work will be published 
elsewhere. 

E. R. Trueman 
Department of Zoology, 
University College, 
Hull. 
Oct. 17. 


* Pryor, M. G. M., Proc. Roy. Soc., B, 128, 393 (1940). 


* Dennell, R., Proe. Roy. 
* Stephenson, W., Parasit., 
* Dennell, R., ¥ 

* Trueman, EB. R. 


, Prec. Zool, 


-, 119, 719 (1949). 


Effect on the Embryo of Staleness of the 
Sperm at the Time of Fertilization 
in the Domestic Hen 


Ir is a well-known fact that the domestic hen is 
capable of yielding fertile eggs for a considerable 
period after mating and isolation. Interest has 
centred around the incidence of fertility after different 
periods of isolation and the viability of the embryos 
obtained. A high incidence of mortality during the 
early stages of development has been recorded ; but 
little or no attention has been given to the cause of 
this mortality. 

Experiments have been in hand during the past 
three years, in the University of Liverpool, to dis- 
cover, if possible, what the effect on the embryo 
might be of the ‘staling’ of the sperm within the genital 
tract of the female. A detailed study, involving 
flock and stud matings of hens, incubating all the 
eggs laid over a period of four weeks after isolation, 
and serially sectioning more than 200 embryos of 
the 48- and 72-hr. stages, has shown that: (1) the 
eggs laid during the period of isolation tend to give 
abnormal embryos ; (2) in the later days of isolation, 
just before the cessation of fertility, only abnormal 
embryos are produced ; (3) the abnormalities are of 
@ consistent type characteristically affecting the 
nervous system and the vascular system, accompanied 
by a general retardation of development; (4) the 
head end of the embryo is mainly involved, and next 
in frequency the tail end, the middle length being 
relatively normal; and (5) the nature and site of 
the abnormalities approximate remarkably closely 
to those obtained artificially by other workers by 
the injection of toxic substances into the fertile egg 
prior to incubation. 

Aberrations of the nervous system manifested 
themselves as irregular swellings of the wall of the 
brain and spinal cord, erratic foldings of the brain 
and overgrowth of the neural folds and their faulty 
union, resulting in the formation of a plug of neural 
tissue projecting into the neural cavity. Quite fre- 
quently the neural folds failed altogether to unite 
to form a tube. Abnormal vascular systems were 
exemplified by hypertrophy of the embryonic blood 
vessels and heart, over-vascularization of the vascular 
membrane and hemorrhage into the extra-embryonic 
body cavity. In general, only the ectodermal and 
mesodermal derivatives were affected, the endoderm 
being quite free from irregularities. 

The results obtained have been so consistent as 
to afford strong grounds for the view that a sperm, 
by its sojourn in the genital tract of the female 
before fertilization, becomes toxic to the zygote and 
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tends to cause abnormal development of the resulting 
embryo. This work is being continued, and a de. 
tailed paper is being prepared on the results already 
obtained. 


Zoology Department, 
University, 
Liverpool 3. 

Nov. 4. 


M. DHARMARAJAN 


Aureomycin in the Treatment of Yaws 
and Tropical Ulcer in Africa 


AmoncG the diseases which fill the out-patien: 
departments of hospitals and dispensaries in tropica! 
Africa, yaws and tropical ulcer are undoubtedly th: 
most time-consuming. Up to the present, yaws has 
been treated solely by injections of bismuth, arsen 
icals or penicillin. The two former compounds are 
by no means free from toxic effects, and thoug) 
penicillin is of low toxicity its use necessitates daily 
intramuscular injections which are not popular wit! 
the small children who form the bulk of patients 
treated for yaws. If a drug were effective in yaws 
when given by oral administration it would obviousl, 
be of very great value. 

Aureomycin has been found to be effective in 
clearing up the lesions of secondary syphilis’. It 
also acts on the spirochxtes of relapsing fever®. The 
following observations show that aureomycin given 
by mouth is effective in clearing up the secondary 
lesions in yaws. Three children all with florid second- 
ary yaws were given aureomycin, six capsules (250 
mgm. per capsule) daily for seven days. As African 
parents consider that yaws treatment without in 
jections cannot possibly be effective, the three 
children were also given a daily injection of 2 ml. of 
physiological saline as a placebo. No change in the 
lesions was noted until the fifth day of treatment, 
and treponemata could still be seen in the lesions 
up to this time. On the fifth day the lesions began 
to dry up and by the seventh day they had almost 
completely healed. The children gave positive Kahn 
reactions at the time of beginning treatment and con- 
tinued to show positive Kahns for six weeks after 
ceasing treatment, although they remained in good 
health and exhibited no relapse. Thus, as in syphilis, 
so in yaws, aureomycin brings about rapid healing 
of the lesions, but in the doses so far used no sero- 
logical changes have been noted. As cornpared with 
results from penicillin treatment of yaws in the same 
area in Africa*’? aureomycin is somewhat slower in 
action than penicillin; but it has the advantage of 
not requiring intramuscular injections. It would thus 
be simpler to carry out mass treatments with aureo- 
mycia than with penicillin. 

Four patients with tropical ulcers were also treated 
with aureomycin by mouth. The ulcers before treat- 
ment showed a heavy discharge of foul-smelling pus 
which was teeming with spirochetes and fusiform 
bacilli. No local treatment was applied except lint 
soaked in distilled water. Aureomycin was given by 
mouth in doses of either four or six capsules daily 
and was continued for 4-7 days. Within twenty- 
four hours the number of organisms in the pus had 
decreased, and within forty-eight hours the surround- 
ing cedema had subsided and smears from the ulcers 
now showed an almost complete absence of spiro- 
cheetes and fusiforms. The ulcers in all four patients 
went on to complete healing, and the results were 
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surprising. Auréomycin seems to be as rapid in its 
action when given by mouth as penicillin when given 
by intramuscular injection. Further observations are 
being undertaken to determine the most satisfactory 
dosage of aureomycin in both yaws and tropical ulcer. 

Our thanks are due to Lederle Laboratories 
Division, Cyanamid Products, Ltd., for the generous 
supply of aureomycin, and to Prof. G. A. H. Buttle, 
in whose laboratory the pathological investigations 
were carried out. One of us (G. M. F.) is in receipt of 
an expenses grant from the Medical Research Council. 


O. Amporo 
G. M. Frvpiay 


Mampong-Akwapim, Gold Coast, 
and 
Pharmacological Laboratories, 
School of Pharmacy, 
Bloomsbury Square, 
London, W.C.1. 
Jan. 19. 
‘O'Leary, P. A., Kierland, R. R., and Herrell, W. E., Proc. Mayo 
Clin., 28, 574 (1948). 
* Irgang, 8., and Alexander, E. R., Harlem Hosp. Bull., 1, 91 (1948). 
* Wiggal, R. H., Zheuttin, H. E. C., Trice, E. R., DuMont, F. E., jun. 
and Robinson, R. C. V., Amer. J. Syph., 38, 416 (1949). 
‘ Willcox, R. R., Brit. Med. J., ti, 1076 (1949). 
‘Heilman, F. R., Proc. Mayo Clin., 23, 569 (1948). 
s ae M., Hill, K. R., and Macpherson, A., Nature, 154, 795 
“—_, 7 =. Findlay, G. M., and Macpherson, A., Lancet, ii, 522 
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A Radioactivity ‘Scanning’ Device for Paper 
Chromatograms using Phosphorus-32 


AN apparatus has been developed for measuring 
quantitatively, by counting, the distribution of 
radioactivity on filter paper chromatograms. The 
specific purpose in view has been to measure the 
amounts of radioactive phosphorus present in various 
phosphate esters as separated on filter paper chromato- 
grams by the methods described recently by Hanes 
and Isherwood!. 
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the spot to be scanned, and (2) by applying pressure 
on & covering potassium-free glass plate (39-4 x 20-0 
em.) normally supported off the brass plate by four 
ball-catches mounted at the corners. The pressure on 
the glass is applied, when counting is in progress, by 
means of a 2-5-cm. thick lead disk, 10 cm. in diameter, 
which also serves to screen from external radiation 
a Geiger—Miiller counter, mounted window upwards 
behind the square hole. 

A number of details of construction help to improve 
the accuracy of scanning. The square hole was 
accurately made to within 0-001 cm. by trimming 
the edge of a 9-9-cm. square hole with a specially 
made gouge. This had the effect of leaving slightly 
raised lips along the edges of the hoie on one side 
of the brass. These lips, when mounted uppermost, 
aided the necessary close contact between the edge 
of the brass and the paper. This contact was further 
improved by the use of a 1-2-cm. square piece of thin 
celluloid cemented to the glass plate above the hole 
to act as a pressure plate. 

An experimental model Geiger—Miiller counter with 
a 2-in. (5-08-cm.) end-window of ‘Dural’, made by the 
General Electric Company, Ltd., Wembley, has been 
used in this apparatus, as it was found that a 1-in. 
(2-54-cm.) diameter end-window counter was not 
sufficiently accurate for the purpose of scanning so 
large an area as 1 cm. square. The sensitivity of a 
l-in. diameter counter to points along a plane at 
right-angles to the axis decreases considerably 3-4 
mm. from the axis (cf. Putman and Boxall*), a much 
shorter distance than the half-diagonal of the 1l-cm. 
square. 

During alignment, the paper was illuminated by a 
small ophthalmoscope lamp mounted at the end of 
a }-in. (6-4-mm.) tube of plastic material which could 
be moved longitudinally so that, when counting was 
in progress, the lamp was withdrawn from the path 
of the 8-particles to the counter window. By using 
this type of lamp, only } in. (3-2 mm.) in diameter, 
it was possible to reduce the distance of the paper 
from the window of the counter. 

The glass plate, the edges of 
which were vertical and polished, 
was retained in place by angle- 
pieces and ball-catches, partly 
shown in the drawing, which 
limited its easy movement. Since 
this ensures a constant position of 





Sectional drawing of scanner: scale in centimetres. <A, }-in. brass plate; B, glass plate : 
C, thin brass plate with 1 sq. cm. hole; D, ophthalmoscope lamp mounting ; 
2-in. Geiger-Miller counter; F, part of lead shielding (‘castle’): G, celluloid 

H, angle-pieces and ball-catches retaining glass plate 


Details of a number of scanning devices have been 
published*.**, In the apparatus to be described, the 
size of the area scanned is 1 sq. cm. The apparatus 
consists of a flat }-in. (6-4-mm.) brass plate, into 
which is let a thinner plate of 1 mm. brass in which 
an accurate 1-cm. square hole has been cut. The size 
of the apparatus and the position of the hole are such 
that any portion of a 23-cm. wide paper of any 
length may be scanned. The positioning of the paper 
is determined (1) by illuminating the paper from below 
the square hole, and by carefully aligning over the 
illuminated hole one of a number of centimetre 
squares in a grid very accurately drawn in pencil on 


the glass in relation to the square 
hole, it is probable that a system 
of marks in the glass might be 
used as an alternative means of 
aligning the paper. 

Tests with this apparatus have 
shown that spots with known 
quantities of radioactive phos- 
phate, but of different areas, 
can be scanned to an accuracy of about 1 per 
cent. 

I am indebted to Mr. H. Overhill, of this Labora- 
tory, for constructing this apparatus. 


EB, part of 
pressure plate ; 


J. C. Boursnet. 
Biochemical Laboratory, 
University of Cambridge. 


* Hanes, C. 8., and Isherwood, Nature, 164, 1107 (1949). 

* Atkinson, H. F., Nature, 164, 541 (1949). 

* Bourne, G. H., Nature, 163, 923 (1949). 

* Tomarelli, R. M., and Florey, K., Science, 107, 630 (1948). 

* Putman, J. L., and Boxall, R. H., Brit. J. Radiol., 20, 190 (1947). 
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Application of Paper Partition Chromato- 
graphy to the Separation of the Polyhydric 
Alcohols 


Baxer' has described the isolation of dulcitol, a 
non-reducing sugar alcohol, from the exudate of the 
leaves of Huonymus japonica. An investigation of 
this exudate by partition chromatography on strips 
of filter paper, employing the usual solvents for sugar 
analysis, revealed that dulcitol gives rise to a discrete 
dark brown spot on the paper chromatogram when 
it is sprayed with an ammoniacal »>lution of silver 
nitrate and heated. Other polyhydric alcohols, such 
as mannitol, sorbitol, glycerol and ethylene glycol, 
also reduce ammoniacal silver nitrate under these 
conditions, a most surprising and unpredictable 
result. In view of the importance of partition chrom- 
atography for the analysis of intimate mixtures of 
the reducing sugars*, an examination of the properties 
of the polyhydric alcohols on the paper chromatogram 
was necessary in order to avoid any confusion be- 
tween these closely related substances. It is of 
interest to note that Partridge* has encountered 
inositol, a cyclic hexitol, along with glucose and 
fructose in an extract of the fcetal blood of sheep. 
since he found that it also gives rise to a discrete 
brown spot on the paper chromatogram with the 
ammoniacal silver nitrate reagent. 

The Ry; values of a number of the polyhydric 
alcohols on Whatman No. | filter paper have been 
determined in various solvents, using the normal 
procedure*® for sugar analysis. Small circular spots 
of aqueous solutions of the alcohols (approximately 
2-5 per cent w/v) were put on the paper strip for 
chromatography ; much larger amounts of glycerol 
and ethylene glycol may be used, however, small 
spots of the syrup giving excellent results. A solution 
of silver nitrate (5 per cent) to which ammonia 
(s.a.0-88) had been added in excess was used for 
their detection on the paper chromatogram. 


Ry VALUES OF VARIOUS POLYHYDRIC ALCOHOLS AND SUGAR GLYCOSIDES 
. 





n-But- | 
anol 5, | 
acetic | 
| acid 1, | 


n-But- | n-But- | »-But- 
anol | anol 4-0,/ anol® 4, 
Solvent (v/v) satur- | ethanol | ethanol 
ated | 1:1, | 1, water 
with water 5 
water |° 1-9 


———e a LE . 
Trimethylene | 
| glycol | 7 2 | 0-68 
Ethylene glycol | ) | 5 0-61 
Glycerol q “45 0-37 
| a-Methyl | 
| galactoside i 3 | “{ 0-18 
| a-Methyl 
mannoside | - 0-31 
| 8-Methyl 
maltoside — - 0-03 — 
Sorbitol 0-06 0-21 0-10 : 0-17 
Dulcitol 0-05 0-21 0-10 ‘ 0-18 
Mannitol 0-05 | 0-22 0-10 | " 0-19 
Inositol 000 | 0-10 0-02 |} 0°05 
Sucrose | 0-00 | 0-15 0°03 . 0-09 











* These mixtures formed two phases; the upper phases were used 
for chromatography. 


Ethylene glycol moves rapidly on the paper 
chromatogram and is readily separated from glycerol, 
which, in turn, is easily distinguished from the 
hexitols, which travel relatively slowly. Ammoniacal 
silver nitrate is a very sensitive reagent for the hexitols 
and glycerol, since it will detect as little as 1 ygm. 
of the polyhydric alcohol. In the case of ethylene 
glycol, however, it will detect only 10yvgm._ Tri- 
methylene glycol also reduces ammoniacal silver 
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nitrate under these conditions; but the reaction is 
rather weak and it is necessary to use a smal! spot 
of syrup for chromatography. 

The sugar glycosides, such as «-methy] galactosid», 
a-methyl mannoside and 8-methyl maltoside, and 
sucrose, @ non-reducing disaccharide, also reduce 
ammoniacal silver nitrate under these conditions and, 
using this reagent, it is possible to detect approx 
imately 10. gm. of any one of these materials. 

The polyhydrie alcohols do not give any colour 
reactions with aniline trichloroacetate and hence the 
are readily distinguished from the reducing sugars 
and the methyl glycosides, which show specific colour 
reactions‘. 

The chromatographic separation of the sugar 
alcohols on columns of native clays such as ‘Florex 
XXX’ have been described by Wolfrom and his 
co-workers®*. Since the sugars may be separated 
one from another by partition chromatography on 
columns of cellulose’, however, it follows that by the 
application of similar principles a method is available 
for the separation of relatively large quantities of 
the polyhydric alcohols. The polyhydric alcohols 
may be determined quantitatively by periodate oxida 
tion*, and hence intimate mixtures of these substances 
may be estimated, in a similar manner to the sugars’, 
by the use of partition chromatography. The mixture 
is separated on a sheet of filter paper by partition 
chromatography, the components extracted from the 
paper chromatogram, oxidized by sodium meta- 
periodate and the resultant formic acid estimated 
using the procedure of Hirst and Jones’*, thus afford 
ing a method for the quantitative micro-estimation 
of the mixture. 

I wish to thank Prof. Wilson Baker and Dr. 
J. K. N. Jones for their interest and advice. 

Lestre Hove 

Department of Chemistry, 

University, Bristol. 
Nov. 3. 
' Baker, W., Nature, |164, 1093 (1949) }. 
* Hirst, E. L., and Jones, J. K. N., Farad. Soc., General Discussion on 
Chromatographic Analysis (September 1949). 
* Partridge, 5S. M., Biochem. J., 42, 238 (1948). 
‘ Partridge, 8S. M.. Nature, 164, 443 (1949). 
* Lew, B. W., Wolfrom, M. L., and Goepp, R. M., J. Amer. Chem. Soc., 

68, <<" *« 

* Georges, Bower, R. 

Soe., és, aida (iat) 
’ Hough, L., Jones, J. K. Wadman, W. H., Nature, 162, 445 

(1948); J. Chem. Seen $n (1949). 

* Jackson, E. L., “Organic Reactions”, 2, 341 (New York : John Wiley 
and Sons, i944). 
* Hirst, BE. L., and Jones, J. K. N., J. Chem. Soc., 1659 (1949). 
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Isomerization of Dianisyicarbiny! Nitrite 
to Dianisyinitromethane 


Ciams to have isomerized nitrous esters to the 
corresponding nitro-compounds by heating the vapour 
at 100-130° !* have not been substantiated by later 
workers*. It seems probable that this may be due 
to decomposition of the nitrous ester giving nitric 
oxide and the alkoxyl free-radical, which then under- 
goes disproportionation, yielding the corresponding 
aldehyde and alcohol. By analogy with the sulph- 
inate-sulphone isomerization’, it was considered 
probable that the nitrite-nitro isomerization would 
require the formation of the carbonium and nitrite 
ions, and it seemed likely that this isomeric change 
would be facilitated by employing an alkyl group 
which readily forms a carbonium ion, and also by 
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choosing ‘experimental conditions which would tend 
to suppress free-radical formation and favour ion- 
ization. 

It has been found that dianisylearbinyl nitrite, 
prepared from dianisylearbinol and nitrosyl chloride 
in the presence of pyridine, decomposes at room tem- 
perature yielding mainly dianisyl ketone ; however, 
on reduction of the decomposition products with 
either tin and hydrochloric acia, or iron and acetic 
acid, a small amount (0-8 per cent) of dianisylmethy]- 
amine can be isolated as the N-benzoyl derivative, 
melting point 173-74° (found: C, 76-0; H, 6-26; 
N, 3-90 per cent; C,,H,,O0,N requires C, 76-1; 
H, 6-05; N, 4-03 per cent), undepressed in melting 
point on admixture with a specimen obtained by the 
benzoylation of dianisylmethylamine, melting point 
56-57° (found: C, 73-6; H, 7-15; N, 5-52 per cent; 
C,sH,yO,N requires C, 74-1; H, 7-00; N, 5-76 per 
cent), prepared by the reduction of dianisy!] ketoxime. 
The freshly prepared dianisylearbinyl nitrite and 
the decomposition products obtained by heating the 
ester in chloroform solution at 100° yielded no amine 
on reduction ; but when the ester was kept in glacial 
acetic acid solution containing a trace of hydrochloric 
acid at 0° C. for 12 hr. and the products reduced, 
7-2 per cent of amine was isolated as the crystalline 
benzoyl derivative. 

Since no amine was isolated on reduction of the 
freshly prepared nitrite, it is concluded that in those 
experiments where dianisylmethylamine was isolated 
isomerization to dianisylnitromethane had occurred. 
J. Kenyon 
E. M. THAIN 
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Chemistry Department, 
Battersea Polytechnic, 
London, 8.W.11. 
Nov. 17. 

Keogi and Chowdhuri, /. Chem. Soc., 108, 701 (1916). 
*Keogi and Chowdhuri, J. Chem. Soc., 111, 899 (1917). 
‘Levy and Rose, Quart. Rev. Chem. Soc., 1, 359 (1947). 

* Arcus, Balfe and Kenyon, J. Chem. Soc., 485 (1938). 


An Oxidation Involving the Hydroxyl 
Cation, (OH)* 


A sHORT time ago we reported’ that hypobromous 
acid became a powerful brominating agent in the 
presence of mineral acids owing to the production of 
bromine cations : 


H+ + HOBr = H,O + Brt (or (H,OBr)*). 


It therefore seemed possible that hydrogen per- 
oxide might react similarly with mineral acids to 
give hydroxyl cations, (OH)*, or (H,O,)*, and, indeed, 
Evans and Uri* have computed that the equilibrium 
constant for the reaction 


+ 

H+ + HO—OH 2 (H,O—OH) (— H,O + OH*) 
should have a value of the order of 10*; thus in 
10 N acid solution hydrogen peroxide should be about 

1 per cent converted into the active cation, (OH)*. 
Evidence of cationoid substitution by the (OH)+ 
cation confirms that these hypotheses are correct, 
and there can now be no doubt that hydrogen per- 
oxide can oxidize aromatic compounds in the 
presence of strong mineral acids, though not in 
aqueous or acetic acid solutions. When hydrogen 
peroxide is added to an aqueous solution of benzene, 
there is no apparent reaction ; but when concentrated 
sulphuric acid is poured as a layer below this mixture, 
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then the boundary is at once marked by a brownish- 
black ring of oxidized material. Since phenols are 
much more eoally substituted than benzene, hydroxy]- 
ation by (OH)* tends to produce highly oxidized 
products. However, by taking mesitylene (I) and 
hydrogen peroxide in acetic acid-—sulphuric acid 
mixtures, we have been able to show: (a) that the 
consumption of hydrogen peroxide is an acid- 
catalysed process, and (b) that mesitol (II) is a major 
reaction product. The fact that mesitol is already 
substituted in all ortho and para positions to the 
hydroxyl group prevents its destruction by further 
rapid hydroxylation. 


CH, 
CH, < 
“CH, 
I 


CH, 


+ (OH)+ —> cu,¢ S—on 


CH, 
II 


Hitherto it has been suggested tentatively*:‘ that 
the epoxidation of olefins by perbenzoic and peracetic 
acids may involve a positively polarized hydroxyl 

b— é 


group, that is, ACO—-O———-OH; but no simple 
reaction diagnostic of the hydroxy] cation has hitherto 
been described. The conception of hydroxylation by 
the (OH)* cation in acid media immediately affords a 
simple explanation of many oxidations which involve 
the addition of oxygen to a lone pair of electrons to 
give products containing dative bonds ; for example : 


RN: > R,N-O ; R—I — R--I-0; 
R—N==N—R’ - R—N==N—R’; RS: > R,S-O 
* - | 
O 


and has significant implications in connexion with 
many other oxidation processes. Among the reactions 
of hydrogen peroxide itself, we now may recognize 
oxidations due to (a) the (OH)* cation, (6) the (-OH) 
neutral radical and (c) the (O—OH)~ anion. Each 
of these has well-defined characteristics, and it is not 
difficult to discriminate between them. 
D. H. DERBYSHIRE 
W. A. WaTERS 
Dyson Perrins Laboratory, 
Oxford. 
Nov. 5. 
' Derbyshire and Waters, Nature, 164, 446 (1949). 
* Evans, M. G., and Uri, N., Trans. Farad. Soc., 45, 224 (1949). 
* Swern, D., Chemical Reviews, 45, 1, (1949). 
* Swern. D., J. Amer. Chem. Soc., 68, 1692 (1947). 


Bicholestatriene 


IN an attempt to find a new route to 7-dehydro- 
cholesterol (provitamin D,), a coloured steroid was 
encountered which is believed to be a bicholestatriene. 
A brief description of this compound is given here 
pending further details. 

The starting material is A*-i-cholestadiene (I) 
prepared from i-cholesteryl methyl ether’. (I) was 
brominated with N-bromosuccinimide (Ziegler re- 
agent)? in carbon tetrachloride, using a trace of 
benzoyl peroxide as a catalyst®. The bromine atom 
entering at C, is easily removed as hydrogen bromide 
giving A*.*®.¢-cholestatriene (II), and the liberated 
acid tends to cause the rearrangement of the i-steroid 
to the normal structure. Many reagents (potassium 
acetate, diethyl aniline, calcium carbonate or barium 
carbonate) were used with varying degrees of success 
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to neutralize the mineral acid liberated during the 
reaction. 

The bromination mixture, a light brown resin, was 
not readily resolvable into pure individual com- 
ponents by crystallization, so the mixture was dis- 
solved in acetone and treated with 65 per cent 
sulphuric acid! to affect the opening of the cyclo- 
propane ring and the rearrangement of the i- to the 
normal structure. A buttery material separated out 
from which a yellow solid was finally isolated by 
virtue of its slight solubility in hot acetone, and 
was recrystallized from benzene giving golden yellow 
crystals (m.p. 239-40°). Analysis, molecular weight 
determination and double-bond estimation show this 
compound to be a hydrocarbon formed from two 
molecules of a cholestatriene, and the formula C,,H,, 
is assigned to it (found: C, 88-28, 88-53; H, 11-55, 
11-65 per cent ; molec. wt. (Rast), 763, 740. C,,H¢s 
requires C, 88-71 ; H, 11-51 per cent ; mol. wt. 739). 
Perbenzoic acid reacts with four double bonds per 
molecule after twenty-four hours at 0°. Two more 
double bonds react after three days at room tem- 
perature, a treatment required to estimate the 
double bond in A’-octalin. Thus the yellow com- 
pound is a bicholestatriene. 

The position of the double bonds and the point 
of linkage of the two molecules can only be surmised 
at the prevent stage of the investigation. One 
possibility is that we have A‘.*.*-bicholestatriene 
with a 4,4’-linkage (ITI). This makes all six double 
bonds conjugated and explains the yellow colour of 
the compound. The other possibility is that we have 
A*.*.*®.bicholestatriene (IV) with a 7,7’-linkage. Such 
structure resembles the pinacol structure of the 
bidehydrosterols proposed by Inhoffen‘. 
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As to the mechanism of formation, it is believed 
that the precursor to this compound is the monomer 
(II). Treatment with acid may open the cyclopropane 
ring, creating a C,:C, double bond in conjugation 
with the other two double bonds and the simultaneous 
4,4’-linkage (III). On the other hand, the opening 
of the ring may create a C, : C, double bond, causing 
the rearrangement of the original A* double bond 
and. the formation of the 7,7’-linkage (IV). 

Mostara M. Harez 
Institute of Applied Chemistry, 
Faculty of Science, 
Farouk I University, 
Alexandria. 
Nov. 5. 


' Riegel, Hager and Zenitz, J. Amer. Chem. Soc., 68, 2562 (1946). 
* Ziegler et al.. Annalen, 551, 80 (1942). 

* Schmid and Karrer, Helv. Chim. Acta, 29, 573 (1946). 
*Inhoffen, Nafurwise., 25, 125 (1937). 
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Pyrolysis of Salts of Orgamnic Acids 


CONSIDERABLE historical interest is attached to 
the action of heat on the salts of organic acids, and, 
in particular, to the formation of aldehydes by the 
pyrolysis of a mixture of the appropriate calcium or 
barium salt with the corresponding formate’. In the 
course of a wider investigation, a study of the mech- 
anism of such reactions has been undertaken using 
the isotopic tracer technique, and this preliminary 
note reports on the formation of acetaldehyde from 
acetate-formate mixtures. 

A sample of barium acetate, in which the carboxy] 
earbon was labelled with carbon-13, namely, 
Ba(O,C"*.CH;),, was prepared by the reaction 

CO, + CH,MgI -— CH,C"O,MglI, 
followed by treatment with mineral acid and subse. 
quent conversion of the acetic acid to the barium salt. 

The labelled barium acetete was mixed with 
isotopically normal barium formate and pyrolysed at 
650° C. in a stream of nitrogen, the volatile products 
being condensed in liquid air, while ‘he non-volatile 
residue of barium carbonate remai..«* in the reaction 
vessel. The reaction was accompanied by the pro. 
duction of a small amount of tarry material which 
condensed on the cooler parts of the tube. 

The volatile products were oxidized by chromic 
acid using the method of Adams and Nicholls*: this 
method, while not strictly quantitative under the 
conditions of the experiment, has the advantages 
that (a) it is not invalidated by the appearance of 
alcohols in the volatile products**, and (6) the organic 
acid remaining after oxidation is acetic acid derived 
only from the ecetaldehyde originally present. The 
acetaldehyde was thus estimated as acetic acid by 
titration with carbonate-free sodium hydroxide ; 
evaporation of this titrated solution yielded solid 
sodium acetate, which was then converted into 
p-nitrobenzyl acetate. Samples of the labelled barium 
acetate, the residual barium carbonate, and the 
p-nitrobenzyl acetate were converted to carbon 
dioxide by a wet combustion method* and the C"#/C" 
abundance ratios determined. 





Pyrolysis % Concentration of C"* 
mixture — 
Residua! 
Bal 





Carbonyl | 
BaAc, carbon of | 
BaFor, 





Found 
(4) 

| 2-19 

2-31 














The values in columns (2) and (3) of the accompany- 
ing table are calculated from the experimentally de- 
termined overall tage of carbon-13 in the 
labelled barium acetate, which, by the method of 
synthesis, has a normal abundance of carbon-13 in 
the methyl group. The enhanced abundance of 
carbon-i3 in the residual barium carbonate, shown 
by comparison of the figures in columns (3) and (4), 
indicates that the formation of acetaldehyde occurs 
as follows : 

1 | 
| cH, 


Ba — BaCO, + CH, .CHO 
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(The values in column (5) have been calculated 
from the yield of acetaldehyde determined by titra- 
tion, on the basis of the scheme of reaction shown 
above, and making the assumption, as yet untested, 
that the percentage of carbon-13 in the carbonyl 
group of the acetone also produced is the same as 
that in the carboxyl group of the labelled barium 
acetate. Further evidence that the carboxyl carbon 
of the barium acetate does not appear in the acetalde- 
hyde formed is afforded by the carbon-13 abundance 
in the p-nitrobenzyl acetate, which mass-spectro- 
metric analysis has shown to be normal. 

The fission of the C—C bond of the acetate as 
indicated above is probably accompanied by the 
formation of a free methyl radical capable of com- 
bining with a formyl or acetyl residue to give acetal- 
dehyde or acetone respectively. A mechanism of this 
type, involving homolytic bond fission, would be 
consistent with the experimental conditions of re- 
action. 

This work is being continued and extended te 
include related reactions such as ring-closure by the 
pyrolysis of salts of dicarboxylic acids, and the 
thermal decomposition of salts of organic acids other 
than those of the alkaline earth metals. 

We are greatly indebted to Dr. A. V. Grosse, of the 
Houdry Process Corporation, for a gift of isotopically 
enriched barium carbonate, and to the Mass Spectro- 
meter Group of the Atomic Energy Research Estab- 
lishment, Harwell, for these preliminary isotopic 
assays. 
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Chemistry Department, 
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Nov. 14. 
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* Friedel and Silva, Bull. Soc. Chim., [2], 19, 481 (1873); C. R. Acad. 
Sei., Paris, 76, 1545 (1873). 

* Pagliani, Ber., 10, 2056 (1877). 

* Weinhouse, “Preparation and Measurement of Isotopic Tracers”, 43 
(Edwards, Ann Arbor, Michigan, 1946). Van Slyke and Folch, 
J. Biol. Chem., 136, 509 (1940). 


identification of Dinitrophenylamino-Acids 


Tue identification of the free amino-groups of 
proteins by the method introduced by Sanger’ is 
now widely practised, its most attractive feature 
being the resistance of most dinitrophenyl amino- 
acids to acid hydrolysis. There are, however, two 
difficulties in the application of this technique : first, 
several systems of solvents are used, some of which 
do not dissolve the dinitrophenyl compounds very 
well. Secondly, chromatographic resolution of some 
of the derivatives is poor, the masking of the polar 
amino-group by the massive dinitrophenyl residue 
being generally disadvantageous. 

In the course of the protein studies being made 
here, it has often been suggested that a method of 
regenerating the parent amino-acids from their 
dinitrophenyl derivatives was desirable. Paper 
chromatographic analysis of amino-acids is more 
convincing than separation of the dinitrophenyl com- 
pounds, because of the additive effect of successive 
treatment with two solvents. It has now been found 
that regeneration can usually be brought about by 
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heating the dinitropheny] derivatives either in acid 
containing hydrogen peroxide or, more conveniently, 
in alkali. 

Heating with 2 N sulphuric acid containing a few 
drops of 100-volume hydrogen peroxide is sufficient, 
in most cases, to cause the dinitrophenyl compound 
to yield the amino-acid and dinitrophenol. This 
process is not well adapted to the micro-scale, how- 
ever, and it has been found simpler to hydrolyse the 
derivative in a sealed tube with saturated baryta 
water. Reaction is usually complete after about one 
hour at 100° C., when the solution may be removed 
from the tube and shaken with a small piece of solid 
carbon dioxide. The precipitated barium carbonate 
can be centrifuged off, the liquor concentrated by 
evaporation and applied to a paper chromatogram. 

All the commonly occurring amino-acids can be 
recovered in this way, with the exception of histidine 
and cystine, of which very small yields are obtained. 
As might be expected, dinitrophenyl—arginine gives 
rise to several extraneous ninhydrin-positive sub- 
stances, while recovered threonine is also accompanied 
by an artefact. However, any confusion from this 
source can be overcome by a preliminary separation 
of the dinitrophenyl acids into groups, using the 
usual methods. 

An interesting effect has been found when hydro- 
lysis is carried out in alkali and hydrogen peroxide. 
Under these conditions certain acids, together with 
the dinitrophenol, are destroyed by heating for four 
hours. Thus, no trace can be found of alanine, pheny]- 
alanine, tyrosine or aspartic acid, although they are 
present after treatment for only one hour. More 
artefacts are produced from some compounds by this 
treatment; but in certain circumstances the selective 
destruction of some amino-acids may be useful. 

An unsuccessful attempt to recover glycylglycine 
from its dinitrophenyl derivative has been made, 
but qualitative observations indicate that other pep- 
tides may show more favourable characteristics. 

This technique has been applied to insulin, and the 
presence of glycine and phenylalanine as terminal 
acids clearly confirmed. Other examples of its use 
are now under investigation. 

G. L. Mirz1s 
Courtauld Institute of Biochemistry, 
Middlesex Hospital Medical School, 
London, W.1. 
Oct. 24. 


* Biochem. J., 39, 507 (1945). 


Cathodic Evolution of Hydrogen at Very 
High Current Densities 


OnF of the most critical experiments in the theory 
of the cathodic evolution of hydrogen' concerns 
the dependence of the reaction-rate (represented by the 
current density) upon the cathodic potential at very 


high current densities, where the metal surface 
approaches saturation with hydrogen. In this region 
a limiting current* would be expected if the hydrogen 
atom combination forms the rate-controlling reaction, 
or constancy of over-potential with current density 
would occur if (according to Hickling and Salt*) the 
mechanism involves the electrochemical discharge 
reaction. On the other hand, if the kinetics of the 
evolution depend upon proton discharge, a linearity 
between log ¢ (the.current density) and 7 (the over- 
potential) would be expected’. 
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and palladium in 5 N hydrochloric acid 


No successful work on hydrogen over-potential at 
very high current densities (greater than 1 amp. per 
sq. cm.*) has previously been reported. In the work 
reported here, heating effects and concentration over- 
potential were eliminated by utilizing a very rapid 
streaming-rate (20-22 metres/sec.) of the solution 
over a wire electrode maintained in a constriction, 
and the electrode area was of the order of 0-01 
sq. cm. The main difficulty, that of allowing for the 
ohmic drop between the cathode and the cathode 
tip, was overcome by making measurements simult- 
aneously on four cathode tips at various distances 
from the electrode and extrapolating measured values 
to zero cathode-tip distance. With this arrange- 
ment it was found possible to apply the direct 
method of measurement up to 150 amp. per sq. cm. 
The measurements with the cathode tips at various 
distances from the cathode enabled an experimental 
test of the Levich theory of concentration polarization*® 
to be made in the Prandtl boundary layer’, and the 
theory was found to be in good agreement with ex- 
periment. 

Measurements from 10-* amp. per sq. cm. up 
to at least 100 amp. per sq. cm., and in some cases 
150 amp. per sq. cm., were made on the following 
cathode materials : mercury, tungsten, silver, smooth 
platinum and palladium in 5 N aqueous hydrochloric 
acid solution. Nickel caghodes were also examined 
in | N aqueous hydrochloric acid solution and smooth 
platinum in 1 N and 10 N aqueous hydrochloric acid 
solution. The results for mercury, tungsten, silver 
and platinum are the mean of several experiments 
which had a mean reproducibility of + (0-01 —0-02) 
volt. Results for palladium and nickel were less 








—1 

log i 
2. Hydrogen over-potential on nickel and smooth platinum 
; ™ in hy drochloric acid 
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reproducible, and for these metals limits of the 
variable results are shown. The values of the over. 
potential at lower current densities were in good 
agreement with work in more usual types of appar- 
atus'®, 

For mercury, tungsten and silver (see Fig. 1) the 
relation between 7 and log i was linear over the who!e 
range of current density. For smooth platinum (see 
Fig. 2), a hysteresis between experiments with in. 
creasing and decreasing current densities was ob- 
served. Changes of conditions of purification of 
solution (including very long—four to five days 
pre-electrolysis) make it unlikely that this hysteresis 
was caused by adsorbed impurities on the cathode 
surface. Diffusion of hydrogen into platinum is also 
an improbable cause, because similar results were 
not noticed with palladium (see Fig. 1). 

The results for mercury, silver and platinum are 
contrary to those obtained with a commutator 
method of measurement*; this is not due primarily 
to an error in the commutator method used but to the 
effect of impurities in the other work. 

The detailed theory of the method of measurement 
and significance of the results will be given in a 
future publication. 

A. M. Azzam 


J. O'M. Bocxris 
Department of Inorganic and 
Physical Chemistry, 
Imperial College of Science and Technology, 
London, 8.W.7. 
Sept. 7. 
' Bockris, Chem. Rev., 43, 525 (1948). 
Mowe cod Gtesnete, Sci. Pap. Inst. Phys. Chem. Res. Tokyo, 28, 
* Hickling and Salt, Trans. Farad. Soc., 38, 474 (1942). 
‘Frumkin, Acta Physicochimica U.R.S.S., 18, 23 (1943). 
* Hickling and Salt, Trans. Farad Soc.. 36, rod (1940). Kabanov, 
Acta Physicochimica U.R.S.S., 4, 846 (193 
* Levich, Acta Physicochimica U.RS.S., 17, —. (ee. 
ey “Modern Developments in Fluid Dynamics’ (Oxford, 
* Bockris and Parson, Trans. Farad. Soc., 45, 916 (1949). 


Estimation of the Hydrocarbons in Primary 
Tars by Hot Chromatography 


Heated adsorption columns or hot solutions 
poured down ordinary columns have been used for 
the separation of the desired constituent of a mixture, 
mainly with the aim of accelerating what might 
otherwise be a tedious process. Heat can only be 
used where the adsorption affinities of the con- 
stituents to be separated remain sufficiently different 
at the higher temperature for separations to be 
effected. 

In connexion with work undertaken on the chem- 
ical utilization of Colonial coals, it became necessary 
to estimate the total hydrocarbon content of a large 
number of primary tars. Previous methods of analysis 
were found unsuitable either on the grounds of their 
being too time-co ing or as introducing tech- 
niques, such as distillation, which were too drastic 
and which would have resulted in the decomposition 
of the hydrocarbons. Chromatography on heated 
columns (reduced to ‘hot chromatography’ for 
brevity) of the whole tar without any preliminary 
treatment was conidered a method worth trying 
because the primary tars prepared, though very 
viscous at room temperature, became completely 
mobile at temperatures above about 40°C. A con- 
siderable proportion of benzene-insoluble material 
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was contained in many of these tars, but this was 
not the same as the benzene-insoluble “free carbon’ 
of tars produced at higher temperatures, which, if 
present, might have caused blockage of the chromato- 
graphic columns. This benzene-insoluble material 
was of much lower carbon and higher hydrogen and 
oxygen contents ; it melted or went completely into 
solution at well below 100° C., so that the tar was 
effectively a single-phase system. It was thought 
possible, therefore, that such tars might be chromato- 
graphed hot in the same way as a mixture of liquid 
components, ard possibly without the aid of an 
eluant. 

The hydrocarbons were known from my previous 
work to consist of a mixture of saturated (white) or 
partly unsaturated (yellow to brown) ring com- 
pounds. Aromatic hydrocarbons were completely 
absent. Thus it was considered that the phenols, 
bases, resinous compounds (mainly esters), and acids, 
would remain more strongly adsorbed on the column, 
while the hydrocarbons would be eluted first. Experi- 
ment showed these considerations to be valid, but that 
an eluant was necessary to expedite the separation 
of the hydrocarbons. The method finally adopted 
was as follows. 

A quantity of tar (usually about 5 gm.) was 
weighed by difference into a glass chromatographic 
tube containing a silica column, 6 in. long by } in. 
diameter. The silica gel had been previously sized 
between 100 and 200 B.S. sieves, and ignited at 
500° C. before use; this preliminary ignition was 
found necessary, as the stronger adsorbent which 
resulted gave a much clearer separation between the 
hydrocarbons and the other constituents of the tar, 
and enabled a shorter column to be used. About 
12 in. of the central tube containing the silica was 
completely surrounded by a glass jacket through 
which steam was passed; thus about 6 in. of the 
upper, unpacked portion of this central tube was also 
heated. The tar liquefies and passes down the column. 
The hydrocarbons take up their usual positions on 
the column below the other constituents, appearing 
white and yellow in white light and blue in ultra- 
violet light. Light petroleum (100-120°) was used 
as the eluant and was heated in the portion of the 
tube above the adsorbent. The white hydrocarbons 
emerge first from the column followed by the ycllow 
hydrocarbons. The chromatography is continued 
until the eluant emerges colourless (three to four 
hours). Blockages which sometimes occur are easily 
cleared by slight pressure exerted at the top of the 
column by means of a bellows. The light petroleum 
is distilled off from the hydrocarbons under a water- 
pump vacuum (20-30 mm. mercury pressure) in a 
small flask (previously weighed complete with air- 
leak and adapter) heated by means of an oil-bath. 
The distillation is continued to constant weight. 

The following percentages of hydrocarbons were 
obtained for eight determinations on the same bulk 
sample of tar: 53-5, 54-4, 53-0, 53-7, 53-9, 54-2, 
52-5, 53-5; arithmetical mean, 53-6; maximum 
divergence from mean, 1-1; maximum divergence 
from mean taking best six results, 0-6. 

The analyses of the hydrocarbons were the same 
within the limits of experimental error for carbon 
and hydrogen determinations. The determination 
can be completed in one working day, and the appar- 
atus is usually operated in a battery of up to six 
columns. The method has been successfully applied 
to the estimation of the hydrocarbons in tars collected 
in the Gray—King assay of a great number of coals, 
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particularly those which are perhydrous and «f 
canneloid type. 

The work described was carried out in the Powell 
Duffryn Research Laboratories, and my thanks are 
due to the managing director, Mr. J. G. Bennett, for 
permission to publish the results obtained. 


M. VAHRMAN 
Northampton Polytechnic, 
St. John Street, 
London, E.C.1. 
Nov. 5. 


Velocity of Light 


In Nature of February 26, 1949, p. 338, I gave a 
preliminary value for the velocity of light in vacuo 
as 299,796 + 2 km./sec. 

Further determinations by means of the geodimeter 
were made during 1949. The apparatus has been 
considerably improved, and the better knowledge of 
its functioning has led to a change of the value for 
1948 to 


¢ = 299,793 + 2 km./sec. 
The results for 1949 are shown in the accompanying 
table. 


Base-length | Weight | Velocity 
| 209,792 -4 | 
} 30 | 


Date 


Mean 


_ 6906 m. 
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town rte 


| 200,792 640-27 


3| 


6906 im. 


pO bo COS Core 


| 
4 5144 m. 
5 - 

6 | 


| Oct. 8 1762 m. 


} 
| 
| 








The mean of the means is : 
c¢ = 299,792-7 + 0-25 km./sec. 


The Barrel-Sears value of the refractive index 
increases the above figures by 400 m./sec. The 
limits include the uncertainties’ of atmospheric 
conditions 0-20 cm., frequency 0-25 cm., colour 
0-20 cm., base-line 0-25 cm., at the base-length of 
7 km. The short lines have greater uncertainty, 
perhaps 1:0 cm. Of interest are Essen’s' and 
Aslakson’s* value of 299,792 km./sec. 

During August (June and July are too light in 
the north) the lengths of two triangle sides were 
determined. The first one was 20 km. between two 
islands off the Norrland coast, the second was 31 km. 
between two fjeldtops in Lapland. The accuracy 
(three nights) was 1 : 450,000. The purpose of this 
work was ‘o strengthen the ordinary determination, 
which was not highly accurate. The deviation of 
1 : 100,000 was plausible. 

Erik BERGSTRAND 

Kartverket, Stockholm. 

Nov. 4. 
' Essen, Proc. Roy. Soc., A, 194, 348 (1948). 


* Aslakson, Nature, 164, 711 (1949). 
* Bergstrand, Vetenskapsak. Arkiv {. Fysik (Stockholm, 1950). 
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Thermal Scattering of Light in Quartz 


Ustne the ) 2536-5 mercury resonance radiation 
as exciter and the medium quartz spectrograph 
with a fine slit, one of us' successfully recorded 
the doubling of the 4 2536-5 line in the spectrum of 
the light scattered by diamond, the latter itself being 
completely quenched by a mercury vapour filter. 
This doubling, as is well known, is of the nature of a 
Doppler effect arising from the selective reflexion of 
the monochromatic light by the approaching and 
receding sound waves of thermal origin assumed to 
be present in the crystal and travelling in all directions. 
The components are called Doppler-shifted or 
Brillouin components. We have now photographed 
the Brillouin components arising from the thermal 
scattering of light in quartz using the A 2536-5 
radiation from a water-cooled magnet-controlled 
quartz arc as exciter and a Hilger three-metre quartz 
spectrograph having a dispersion of 13-7 cm.~ in 
the A 2536 region. 

Fig. a in the accompanying illustration represents 
the spectrogram of the scattered light after absorption 
by a mercury-vapour filter kept at room temperature, 
taken with a slit-width of 0-01 mm. and an exposure 
of about one day, while Fig. 6 represents the spectrum 
of the direct arc. In both cases ? 2536-5 is completely 
suppressed. The doubling of the exciting line arising 
from thermal scattering is clearly visible in the spect- 
rum of the light scattered from quartz, while in 
Fig. c the same effect is seen on an enlarged scale. 
Two of the most intense Raman lines of quartz, 
namely, 466 cm.~' and 128 cm.~', are also discernible 
in the scattered spectrum; they are, however, less 
intense and very much broader than the Brillouin 
components. Figs. c, d, e and f are enlarged photo- 
graphs of the spectra taken for different orientations 
of the erystal and for different angles of scattering. 


128 em 


components 


4 2534-8 Brillouin components 

(a) Spectrum of the scattered light from quartz. (6) Spectrum of 

the direct arc. (c-f) Enlarged photographs of the scattered 
spectra for four different orientations of the crystal 
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As is to be expected, the separation of the Brillouin 
components varies with orientation of the crystal and 
the angle of scattering. The observed values of the 
Doppler shifts are in good agreement with those 
calculated from the known elastic constants of quartz 
using the well-known Brillouin formula. It may be 
remarked that Gross*, working with 4358 radiation 
and a 30-step echelon spectroscope, reported having 
observed the Doppler components with quartz ; but 
no such convincing experimental evidence was 
presented by him. Moreover, we have recorded thie 
components without the use of an interferometer 

For any given direction in a crystal, there are, in 
general, three distinct sound velocities, one longi 
tudinal and two transverse. One should, therefore, 
expect to observe six Doppler components, three on 
either side of the exciting radiation. A calculation 
of the intensities of the components on the basis 
of Miiller’s theory* shows that the components arising 
from transverse waves are much less intense than 
the longitudinal ones. It is therefore not surprising 
to find that in the spectrograms reproduced here 
only the longitudinal components have been ob- 
served. A detailed paper will be published elsewhere. 

R. 8S. KrisHnan 
V. CHANDRASEKHARAN 
Physics Department, 
Indian Institute of Science, 
Bangalore 3. 
Nov. 7. 

' Krishnan, R. S: Nature, 159, 740 (1947); Proc. Ind. Acad. Sci., A, 


26, 399 (1947). 
* Gross, E.. Z. Phys., 63, 685 (1930). 
* Miiller, H., Proce. Roy. Soc., A, 166, 425 (1938). 


Optics of Ethylenediamine Tartrate at 
Elevated Temperatures 


ETHYLENEDIAMINE TARTRATE, C,H ,,N,O,, prepared 
from tartaric acid and ethylenediamine in equi- 
molecular proportions, is a water-soluble piezo- 
electric compound which crystallizes in the mono- 
clinic system at room temperature. 

A preliminary optical and X-ray examination at 
room temperature has been carried out with the 
view of studying the crystal structure. These results 
have recently been reported elsewhere by other 
workers' and, therefore, will not be repeated here, 
except to summarize data relevant to that which 
follows. 

Specific gravity t Ol at 18°C. 
Approx. monoclinic) 
cell dimensions 


a 
h 
- 
3 


Acute bisectrix - 
Extinction aAe 
Optic axial angle 
Dispersion 


= 25° in acute 8 

22 approx. = 40° 

strong horizontal v > r 

Crystals of ethylenediamine tartrate have now 
been studied with the polarizing microscope at 
temperatures up to the point at which melting and 
decomposition take place. It has been found that, 
as in the case of some other biaxial compounds, for 
example, selenite, the optic axial angle decreases with 
increasing temperature. In the case of ethylene- 
diamine tartrate, the optic axial angle becomes zero 
at a temperature of very approximately 120° C.. the 
crystals then being in a uniaxial negative condition. 
When the temperature is further increased, the 
biaxial negative condition is restored and the optic 
axial angle increases until melting and decomposition 
occur. 
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As a result of these observations, the possibility 
presented itself of studying the structure when in the 
uniaxial condition, using a high-temperature single- 
crystal camera*. The first results, however, indicated 
that the crystals may be too unstable, but it is 
hoped to continue the study. 
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E. G. STeEwarRD 
Research Laboratories, 
General Electric Co., Ltd., 
Wembley, Middlesex. Oct. 26. 


‘Data contributed by Armour Research Foundation: Anal, Chem., 
20, 491 (1948). 
*Steward, E. G., J. Sei. Inatr., 26, 371 (1949). 


Polydactyly in Mice 

THE genetics of polydactyly have attracted atten- 
tion in a good many organisms, and in mice the 
pioneer researches of Fortuyn', Murray’ and others 
have sufficed to reveal a situation of more than ordin- 
ary complexity. The first substantial step towards 
bringing the problem within reach of experimental 
elucidation was taken by Holt* at the Galton Lab- 
oratory at University College, London, who demon- 
strated that by systematic selection a strain could be 
constructed manifesting polydactyly in nearly 100 
per cent of its members. 

Last year, using a strain derived from Holt’s, but 
containing in addition a number of recessive genes, 
a systematic system of matings was set in train which 
has now gone so far as to clear up the situation to e 
very large extent. 

It appears from recent tests in this Department 
that the main factor postulated by Holt, py, is linked 
with leaden (ln) with a recombination fraction of 
probably 20-30 per cent. Since no other linkage with 
leaden has so far appeared, this establishes a new 
linkage group, to which the number XIII should be 
assigned, unless indeed some other contemporaneous 
discovery is more properly assigned to this number. 

Homozygotes for py are not unconditionally 
polydactylous, but may have normal feet if one or 
more of a nurnber of suppressive factors are present. 
One of these suppressors has been located in the Vth 
chromosome, between the loci of agouti and pallid. 
Since this short region already contains the two useful 
markers, undulated, wn, and wellhaarig, we, we are 
in a very favourable position for ascertaining the 
position of its locus with accuracy. It is a powerful 
suppressor for which a single gene substitution seems 
to reduce the frequency of manifestation about ten- 
fold; but more accurate estimates will be possible 
when it is more accurately located. 

At least two other suppressors of unequal intensity 
have been found in my own stocks, and, of course, 
elsewhere there may be others. So far, however, I 
have no indications of linkage for these, though they 
have been sufficiently isolated to make systematic 
tests possible. The results to date are, however, 
enough fully to substantiate the general theory put 
forward by Holt. 

A point of evolutionary interest is that a morpho- 
logically similar mutation is known in several species 
of birds, and is there found to be partially dominant, 
or, to put it more accuretely, not completely re- 
cessive. In mice the mutant is not only completely 
recessive, but appears to have advanced very far 
in the succession of changes needed to suppress 
its action even in the homozygote. It is not irrelevant 
to this comparison that in the last hundred million 
years or so mouse populations and their ancestors 
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have probably experienced three or four times as 
many generations as have the birds. 
R. A. FIsHEer 
Department of Genetics, 
University of Cambridge. Dec. 1. 
' Fortuyn, A. B. D., Genetica, 21, 97 (1939). 
* Murray, J. M., Abstr. in Anat. Rec., 57, 63 (1933). 
* Holt, 8. B., Ann. Eugen., 12, 4, 220 (1945). 


Experimental Enamel Hypoplasia 

In @ previous paper', a method was described of 
producing enamel hypoplasia in the rat’s incisor 
tooth by stopping matrix formation by the tall 
ameloblasts. This method consisted in essentials of 
first causing healing of low-phosphorus rickets and 
then suddenly stopping healing by re-imposing the 
rachitic condition. This procedure stops calcification 
of bone’ and dentin, but does not interfere with matrix 
formation in these tissues. In the case of enamel, 
however, matrix formation by the tall ameloblasts 
is stopped permanently, and these cells become tem- 
porarily seriously disoriented. The matrix and 
ameloblasts affected have been called the ‘experi- 
mental’ matrix and ameloblasts. 

The chief disadvantage of this technique was that 
the ameloblasts younger than the experimental ones 
were often also greatly disoriented. When this 
happened, they laid down amorphous globular 
material before starting amelogenesis proper, and 
sometimes recovery was never seen, and very little 
new enamel was formed. 

Further experiments were therefore undertaken 
to see if this post-experimental irregular amelogenesis 
could be stopped. Subsequent work has shown that 
it was due to the re-imposition of a continuous 
rachitic condition, probably alternating with periods 
of healing, since the animals usually gained very little 
more weight and generally went rapidly downhill 
after a fortnight or more. To overcome this difficulty, 
animals were given the full rachitogenic diet for only 
a short period and were then put on to the complete 
diet used for stock rats. The procedure may be 
summarized as follows : 

Treatment 


1 Rachitogenic diet, 28 days 
2 Dietary restriction to cause 


healing, 6 days Nil 
} Full feeding on the rachito- 
genic diet, 3 days Cessation of matrix formation 
4 Stock diet Normal formation of new enamel 
matrix. No more experimental 
matrix formed 


The second period of rickets (3 in the table) lasted 
long enough for amelogenesis to be stopped, but the 
post-experimental ameloblasts did not become dis- 
organised. As a result, amelogenesis was invariably 
resumed by these cells (see photograph). Aout the 
first hundred ameloblasts, however, also contributed 
to the hypoplasia, as they produced matrix normal 
in structure but abnormally narrow. As one moved 
towards the formative end of the tooth, the enamel 
became wider and was finally of proper width. It 
would appear that the extent of amelogenesis 
by a particular ameloblast is conditioned by that 
of the cell ahead of it. 

The experimental ameloblasts, which were very 
disoriented by the procedure, recovered after about 
eight days, but were now much shorter than before. 
The changes were similar in many ways to those 
caused by strontium injections’. As found by Chase‘, 
these ameloblasts could not completely mature or 
calcify the experimental matrix. This became largely 


Effect on amelogenesis 
Nil 
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mental ameloblasts have recovered as much as possible and the 
matrix is starting to become acid-soluble, but no new matrix has 
been formed. The post-experimental ameloblasts are normal and 
have continued to produce enamel, but the ‘irst matrix formed 
is abnormally narrow. Note demarcation of experimental 

from post-experime ntal ameloblasts 


acid-soluble ; but a fine fibrous structure, consisting 
of the walls of the enamel rods, persisted. In spite 
of the findings of Lefkowitz and his colleagues*, and 
of other workers, I consider that the ameloblasts 
play a major part in the maturation or secondary 
calcification of the enamel, and that the pulp is not 
primarily concerned. 

The step in the procedure that originally stopped 
the experimental ameloblasts from making further 
matrix is the one which arrested calcification in 
general. The fact that this stops enamel matrix 
formation, but not that of bone or dentin, shows that 
amelogenesis is a fundamentally different process, 
and is probably bound up with calcification from the 
start. That such primary calcification of the enamel 
does occur has been shown by Saunders, Nuckolls and 
Frisbie*, and by Weinmann, Wessinger and Reed’. 

J. T. Irvine 

Department of Physiology and Pharmacology, 

Medical School, 
University of Cape Town. Oct. 27. 

‘ Irving, J. T., Nature, 158, 486 (1946). 

* Bailie, J. M., and Irving, J. T., Brit. J. Exp. Path., 29, 539 (1948). 

* Weinmann, J. P., J. Amer. Dent. Assoc., 30, 874 (1943). 

* Chase, 8. W., Proc. Dent. Cent. Celebr. (Baltimore), 1940, 425. 

* Lefkowitz, W., Bodecker, C. F., and Shapiro, H. H., J. Dent. Res., 
23, 345 (1944). Lefkowitz, W., ene, H. H., and Bodecker, 
C.'F., J. Dent. Res., 26, 151 (194 

* Saunders, J. B. de C. M., Nuckolls, + ~ Frisbie, H. E., J. Amer. 

Coll, Dent., 9, 107 (1942). 


* Weinmann, J. P., Wessinger, G. D., and Reed, G., J. Dent. Res., 21. 
171 (1942). 
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A Rapid Permanent Method for 
Chromosomes 


Tue difficulty which is usually met with in counter. 
staining smears and sections stained with Crysial 
Violet can be largely overcome by the use of 
‘Cellosolve’ (ethylene glycol monoethyl ether) as a 
dehydrating agent. Crystal and Gentian Violet are 
considerably less soluble in ‘Cellosolve’ than alcoho! 
and hence are not removed quite so rapidly from 
the cells. Provided that the idlipe are fixed sufficient! y, 
the shrinkage caused by this fluid is negligible. 

A rapid method which has proved very efficient is 
as follows. 

(1) Fix root tips, anthers, etc., for 12-24 hr. in 
Navashin’s fluid ; (2) place root tips on a clean slice, 
previously coated with a thin smear of Mayer's 
albumen, in a drop of macerating fluid (1 part HC) | 
part alcohol 95 per cent) ; warm over spirit lamp about 
60 sec.; (3) crush roots or anthers with a scalpel 
and carefully spread into a smear; (4) stain }—1 hr. 
in 1 per cent aqueous Crystal Violet; (5) rinse in 
water; (6) pass slides through two changes of 
‘Cellosolve’, the first containing a trace of Light Green 
or Eosin, 4-5 sec. in each (when using Eosin as 
the counterstain it is often necessary to reduce the 
time to 3 sec. or less in each); (7) xylene, two 

——_ 10 min. in each; (8) mount in Canada 


on will be noticed that the lengthy process of wash. 

ing out the fixative has been omitted. This omission 

does not lower the quality of the resu'ts in any way, 

but actually assists in retaining the stain. If the 

counterstain is omitted from the ‘Cellosolve’, the rate 

of differentiation can be controlled under low power. 
G. W. SHaw 


March 








nt of Botany, 
University College of North Wales, 
Bangor. 


Feb. 6. 


Occurrence of Chthamalus stellatus in the Isle 
of Man 


In the course of a quantitative survey of the Manx 
intertidal zone, the high-water barnacle, Chthamalus 
stellatus Poli, was discovered at Port St. Mary and 
has since been found to be generally distributed 
around the island. The rediscovery has been thought 
worth recording in view of the apparent conflict 
between previous accounts for the area (present’: 
Darwin, 18541, Marrat, 1886 *; absent: Moore and 
Kitching (1934), 1939*), and because of the great 
interest in the species in its more sparse localities. 

At ten stations around the Isle of Man, observa- 
tions were made on the tide-levels occupied, density, 
and size of Chthamalus. The results for tide-level 
agree with the findings for other places near the 
limits of distribution of the species*, Chthamalus 
occupying a zone above the upper Balanus limit 
(which approximates to high-water neaps plus splash 
zone, if any) and usually extending to 2-3 ft. above 
and 1 ft. below this limit. Density reached a maxi- 
mum of 100-1,000 per sq. m. at about 1 ft. above 
high-water neaps Size, expressed as a mean of length 
and breadth of the shell, ranged from 4-75 mm. to 
12-25 mm. In spite of the small samples measured— 
mostly about fifty—it a: that there is a decrease 
in size towards the north of the island. For example, 
at the Calf of Man, in the south, the mean of the 
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Distribution of CAth jus stellatus and winter air temperature : 
heavy lines, isotherms of mean air temperatures (° F.) for Feb- 
ruary ; broken lines, eastern limit of CAthamalus (modified after 


Moore and Kitching) 


whole sample was 9-70 mm., while at Ramsey, in 
the north, it was 6-94 mm. This may be due to a 
slowing of the rate of growth in the north, possibly 
as a result of climatic or hydrographic factors. 

The species was first noticed on September 7, 1949, 
and nauplii were found in a few specimens on the 
following day. On September 14 about 5 per cent 
of the Port St. Mary specimens contained nauplii ; 
the other stations were examined between September 
15 and 21, and except for one specimen on September 
15, none of the Chthamalus contained nauplii. It is 
possible that all nauplii had been liberated by 
September 21, agreeing with the evidence from 
Plymouth where nauplii were found from July to 
September‘. 

Probably the best interpretation of the previous 
records!;*,* is that in the Isle of Man, and possibly in 
other places near the limits of ite distribution, 
Chthamalus appears and disappears from one period 
to another as a result of climatic or hydrographic 
changes ; but the observations are too few to allow 
exact correlation. There does, however, appear to 
be a correlation between air temperature and the 
distribution of Chthamalus in the British Isles. If 
the distribution, as worked out by Moore and 
Kitching* and modified according to the present 
work, is compared with the mean air temperature, 
for example, in February®, some correspondence can 
be seen between the limits of Chthamalus and the 
trend of the isotherms. It is well known that the 
relatively warm Atlantic water has a large influence 
upon winter air temperature at the coast, and thus 
the correspondence might be due to an Atlantic 
water effect on the Chthamalus*. However, in its 
more sparse localities Chthamalus is largely restricted 
to a zone above high-water neaps (Balanus limit)*, 
and it has already been shown that the same zonation 
cecurs in the Isle of Man. Ignoring at present the 
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factors influencing this zonation, at the levels occupied 
the barnacles will be exposed to the air some twenty 
hours each day. It is therefore not unreasonable 
to infer that low winter air temperature may be 
connected in some way—either absolute level or 
duration—with the limitation in the distribution of 
Chthamalus. The examination of other places in the 
Irish Sea, where Chthamalus has not apparently been 
investigated, in particular Co. Down, Northern 
Ireland, and the Mull of Galloway, may give addi- 
tional information bearing on this inference. 

On September 16 opportunity was taken to make 
a hurried re-examination of the stations in Co. 
Antrim, Northern Ireland, mentioned by Moore and 
Kitching’, with negative results; but Balanus itself 
was very sparse, so the evidence is probably not 
conclusive. 

I am indebted to Prof. J. H. Orton, Dr. D. J. 
Crisp, J. R. Bruce, N. 8. Jones, Dr. D. I. Williamson, 
and M. D. Pittam for advice and assistance in this 
work. 

Autan J. SourHWARD 

Marine Biological Station, 

Port Erin. 
Sept. 30. 
' Darwin, C., ““A Monograph on the Cirripedia’’, 2, 456 (Ray Society, 
London, 1854). 
* Marrat, F. P., “Fauna of Liverpool Bay’, Rep. 1, 209 (London, 


° Moore, H. B., and Kitching, J. A., J. Mar. Biol. Assoc., 23, 521 
(1939). 

*;Bassindale, R., Proc. Zool. Soc., London, 87 (1936). 

* London, Air Ministry, Metevrological Office; Monthly and Annual 
7 el Average Temperature over the British Isles, M.O.M. 451 
(1943). 


Distribution of Balanus amphitrite Darwin 
var. denticulata Broch 


Dvurinc the faunistic survey of the Suez Canal 
carried out by the Cambridge Expedition in}1924, 
Broch! found @ new variety of barnacle, commonly 
distributed throughout the entire Canal, which he 
described under the name of Balanus amphitrite var. 
denticulata. Since Broch’s original description there 
have been no further published records of this 
cirripede; but recent unpublished work on ship 
fouling shows that this barnacle, far from being a 
restricted local variety, is one of the commonest and 
most persistent of fouling organisms, tolerant of a 
wide range of temperature and salinity, and is 
probably the most widely distributed of all barnacles. 

The species B. amphitrite, of which there are several 
varieties, is known to be widely distributed along 
the coasts of warm and tropical seas, extending from 
the Mediterranean to New Zealand’, and I have 
found that Broch’s variety occurs commonly through- 
out this wide range. Further, from data recently 
collected, it is clear that this variety extends con- 
siderably farther northwards than the generally 
accepted range of distribution for the species, and has, 
in fact, been a member of the marine fauna of the 
British south coast for a number of years at least. 
Thus it was found to be present in material collected 
by Mr. Dilwyn John in 1937 from buoys moored in 
the Shoreham Harbour Canal, Sussex, and that it is 
established at Shoreham is indicated by the settle- 
ment of several specimens on non-toxic test panels 
exposed in the canal during July 1947. The same 
variety of barnacle was also present in material given 
to me by the late Mr. Richard Elmhirst, collected 
in 1917 from a motor launch which had operated 
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between Dover and Dunkirk. Further, in March 1948 
I obtained specimens on mussel shells from Ply- 
mouth Sound, and Mr. O. D. Hunt informs me that 
he has occasionally collected B. amphitrite var. 
denticulata from local craft and test panels in the 
Plymouth region over a period of nearly twenty 
years. It seems probable that these records for 
southern Britain represent the limit of the northern 
range of distribution for the species B. amphitrite, 
where it is living at the extreme low-temperature 
range for successful breeding. Orton* quotes monthly 
mean sea temperature figures for Plymouth Sound 
(from data compiled between 1912 and 1919) which 
vary from a minimum of 7-8° C. in February, to a 
maximum of 15-9° C. in August. In this connexion 
it is perhaps significant that the waters of Shoreham 
Harbour Canal are appreciably heated by discharges 
of hot sea-water from an adjacent electricity works, 
but complete temperature data are not available. 

It is clear from the work here reviewed that 
B. amphitrite var. denticulata is a common form of 
barnacle that has been overlooked by cirripede 
systematists for a number of years, and it is suggested 
that there has been confusion between this variety 
and Darwin’s variety communis**. The two varieties 
are frequently found together in warm waters; but 
the latter may be readily separated by its general 
appearance (see photograph) and by the denticulate 
nature of the labrum. 


Balanus amphitrite Darwin var Broch. Collected 


. denticulata 
from Plymouth. (x 3) 


Many specimens of the variety denticulata have 
been examined from widely separate parts of the 
world, and these have been remarkable among barn- 
acles for their constancy of form. No gross variation 
from Broch’s description has been encountered, and 
the variety can be always readily separated from 


other forms of its species. Indeed, when due con- 
sideration is given to the characteristics of this 
barnacle, particularly to the form of the labrum, the 
question may be raised as to whether the variety 
might not qualify for specific status. 

I am greatly indebted to those who have supplied 
me with information and material, to Mr. Charles 
Davidson for the photograph, and to the Marine 
Corrosion Sub-Committee for permission to publish 
this communication. 

Marcus W. H. Bisnop 

Animal Research Station, 

Huntingdon Road, 
Cambridge. 
Oct. 25. 


* Broch, H., Trans. Zool. Soc. Lond., 22, 133 (1927). 

* Darwin, C., “A Monograph on the Sub-Class Cirripedia”’, 2, Balanide 
(Ray Society, London, 1854). 

* Orton, J. H., J. Mar. Biol. Assoc., 12, 339 (1920). 

* Prenant, M., Bull. Soc. Zool. France, 54, 212 (1929). 

* Fischer-Piette, E., Bull. Lab. Maritime St. Servan, 4, 10 (1929). 
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A Species of Fossil Salvinia from the Deccan 
Intertrappean Series, India 


Two important genera discovered by the late Prof, 
B. Sahni in the Deccan Intertrappean cherts at 
Sausar and Mohgaon Kalan, Central Provinces, India, 
are Sausa * and Massulites*. The real 
nature of both the genera remained obscure all these 
years, as it was not possible to refer them with 
certainty to any known living or fossil plants. 
Tentative comparisons, therefore, were made so as to 
include all possibilities concerning their nature. 

The genus Massulites consisted of a small, round, 
pseudocellular mass, 170-190 in diameter, with 
microspores embedded in it, and was supposed to 
represent the massula of a water fern of an unknown 
attribution, more akin to Salvinia than to Azolla, 
although the possibility of its being similar to 
Traquatria, Sporocarpon and Zygosporites was not 
ruled out*. The genus Sausa m was more 
puzzling than the genus Masswlites and was found 
in the same cherts, especially at Sausar, a taluka 
place near Nagpur, from which the genus derived its 
name. It consisted of small, oval, elliptical, seed-like 
bodies, 2-3 mm. x 1-4 mm., each having a peculiar 
frill about it, and two coatings in the midst of which 
was lying at the apex a beak-like projection resembling 
the tent pole of some Taxinz. Sahni and Shrivastava’, 
who first described these, thought them to represent 
the seeds of an unknown group of plants combining 
the characters of Gymnosperms, Pteridosperms, 
Caytoniales and Angiosperms. But in a later work, 
Sahni‘ thought it better to reserve the opinion on it, 
as it was very unlikely that some of the earlier groups 
of plants with which it was thought to be allied could 
have continued so late as Tertiary. 

In some recent investigations made in this Depart- 
ment on the nature and development of the sporocarps 
in three species of Salvinia—S. natans, S. cucullata 
and S. auriculata—it was found that the adult 
massula in S. auriculata is hollow and almost identical 
in structure and appearance with those of Massulites 
celatus described by Sahni and Rao‘. This confirmed 
that the genus Massulites is really a massula of a 
fossil species of Salvinia which must have flourished 
in the Deccan Trap country in the Early Tertiary 
period. It was also observed thet the megaspores 
of Salvinia auriculata and also of the other species 
have an ovular appearance and a beak-like projection 
at the apex in between the spore coats, giving them 
a false appearance of the seeds of gymnosperms. But 
by far the most characteristic feature of the mega- 
spores of Salvinia is their highly vacuolized frill of 
perisporium exactly similar to that found in Sausaro- 
spermum. In addition to these features common both 
to the megaspores of Salvinia and Sausarospermum, 
it was also observed that no vascular traces of any 
kind were noticeable in the so-called integuments of 
Sausarospermum, clearly indicating thereby that it 
was rather a spore than an ovule. As it was lying in 
the same cherts, the conclusion that the genus 
Sausarospermum represents the megaspores of a fossil 
species of Salvinia, the microspores of which are 
represented by the genus Massulites, was irresistible. 
The identification of these two genera further led 
to the finding of the vegetative parts of the fossil 
species in the same cherts, and it is now possible to 
reconstruct the whole of the fossil species, which may 
appropriately be called Salvinia intertrappea n.sp. 

Occurrence of the genus Salvinia in the Deccan 
Intertrappean Series confirms the Early Tertiary age 
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assigned to them by the late Prof. Sahni, as pre- 
viously known records of thir genus are either from 
Tertiary or the post-Tertiary periods. It is also 
interesting to note that this fossil species is closely 
related to, but certainly not identical with, Salvinia 
auriculata, @ species spread from Cuba to Brazil in 
South America. This reminds one of the fact that 
the living representatives of two other important 
fossil plants from the Deccan Intertrappean cherts, 
namely, Cyclanthodendron*, related to modern Cyclan- 
thacee growjng in shallow waters and estuaries in 
Brazil, and Rodeites, a fossil representative of the 
monotypic genus Regnellidium’ belonging to the 
Marsiliaceew, are also from Brazil, South America. 
Apparently, the resemblance between the Early 
Tertiary flora of the Deccan and the modern flora of 
tropical South America is more than striking. 
T. S. ManaBALE 


March II, 
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Department of Botany, 
Royal Institute of Science, 
Bombay 1, India. 
Sept. 20. 
‘Sahni, B., and Shrivastava, B. P., Proc. 2ist Ind. Sci. Congr., 318 
(1934). 
* Sahni, B., and Rao, H. 8., Proc. Nat. Acad. Sci., India, 18, 56 (1943). 
‘Sahni B., and Rao, H. S., Proc. Nat. Acad. Sci., India, 13, 58 
(1943). 
‘Sahni, B., Proc. 27th Ind. Sci. Congr., General Presidential Address, 
14 (1940). 
* Sahni, B., and Rao, H. 8., loc. cit., 56 and Figs. 56-63. 
*Sahni, B., and Surange, K. R., Nature, 154, 114 (1944). 
'Sahni, B., J. Ind. Bot. Soc., 22, 180, pl. 9, fig. 42 (1943). 


Alkaloid Tests on Herbarium Specimens 


A SYSTEMATIC survey of Australian plants for 
alkaloids, begun in 1944 by the Division of Plant 
Industry, Commonwealth Scientific and Industrial 
Research Organisation, has already involved the 
testing of several thousand species for alkaloids and 
other compounds of possible chemical or pharmaco- 
logical interest. Most of these tests were done in the 
field on fresh samples of bark, leaves, roots, wood or 
fruits. 

For alkaloids, a simple and rapid semi-micro test, 
requiring about 0-1 gm. dried plant material, was 
devised, using conventional reagents. The precip- 
itates were evaluated qualitatively ona + to + +++ 
basis, that is, traces to substantial amounts of 
alkaloidal substances. 

The small amouns of material required for these 
tests suggested the possibility of their application to 
fragments of herbarium specimens, particularly since 
it has proved impracticable to locate all members 
of promising groups in the field. Fragments from 
specimens in the Queensland Herbarium were kindly 
made available by the Government Botanist (Mr. 
C. T. White). These tests, which are obviously 
applicable only to alkaloids and alkaloidal substances 
which occur in leaves or branchlets, and which are 
stable under the conditions of preservation of herb- 
arium specimens, have made possible a rapid screen- 
ing of promising groups. 

Thus, in Rutacexz, which contains 26 genera and 117 
species in Queensland, 13 genera and 32 species have 
been found to give good positive tests. Laboratory 
extractions have confirmed the presence of alkaloids 
in 13 of the 32 species which gave positive tests ; 
another four have not yielded alkaloids, and the 
remaining fifteen species have not yet been examined 
in detail. In those cases (66 spp.) where tests on 
fresh material have also been made, the results were 
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in good agreement with those on herbarium specimens. 
Where aberrations were encountered, h-rbarium 
specimens collected over the past few years usually 
gave better alkaloidal tests than those collected ten 
to fifty years ago. In other cases, however, the con- 
sistency of the results with specimens of varying age 
indicated the presence of very stable alkaloids. The 
most remarkable was Acronychia baueri, of which a 
sample collected by Alan Cunningham in 1824 gave 
strongly positive tests. 

It is suggested, with the reservations noted above, 
that a reconnaissance of world alkaloid resources 
could be made by similarly examining specimens 
from various central herbaria. 

Herbarium specimens are now being used to pro- 
vide a complete investigation of all promising alka- 
loidal groups in the Queensland flora, including 
groups not yet encountered in the field. The results 
of these and other field tests, together with details 
of methods, will be published elsewhere. 

L. J. WEBB 

Plants and Soils Laboratory, 

Commonwealth Scientific and 
Industrial Research Organisation, 

Brisbane. 
Nov. 7. 


Indigenous Tilia platyphyllos in Britain 


In Late-Quaternary deposits in England, pollen 
grains of Tilig have their maximum frequency, as 
a rule, in strata formed during the Post-Glacial 
climatic optimum. This fact was reported many 
years ago’, and has been amply confirmed by later 
investigations. To the finds of Tilia pollen made 
hitherto (exclusively finds of 7’. cordata*) can now 
be added the finding by one of us (J. P.T.B.) of 
peat at Addington, Kent, the pollen flora of which 
was later investigated by Erdtman and found to 
contain—in its basal portions—pollen grains of Tilia 
platyphyllos. This peat bed seals an occupation site 
of Mesolithic age characterized by axes, gravers and 
microliths. 

The peat samples contained pollen grains of alder, 
birch and hazel. There occurred, in addition, pollen 
grains of oak, lime (frequency about 10 per cent) and 
elm, together with a few stray pollen grains of holly, 
ivy and Scleranthus perennis. Spores of Polypodium 
vulgare were also present. There were no pollen 
grains of pine, beech and hornbeam, etc. 

The above evidence favours the assumption—to 
be corroborated or modified by further detailed in- 
vestigations—that the basal portion of the peat was 
formed in Neolithic times. 

Several hundred lime pollen grains were investig- 
ated under high-power magnification, and it was 
found that about 5 per cent of them came from 
T. platyphyllos, whereas 75 per cent came from 
T. cordata and the hybrid between 7’. platyphyllos 
and 7’. cordata. The remaining 20 per cent of the 
grains could not be determined on account of partial 
sporoderm destruction. 

J. P. T. BurcHEt. 
G. ERDTMAN 

Falcon Cottage, 

Fawke Common, 

Sevenoaks, Kent. 

Dec. 14, 
* Naturalist, 252 (1926); J. Bot., 73 (1926). 
* New Phytol., 389 (1940). 
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FORTHCOMING EVENTS 


( Meetings marked with an asterisk * are open to the public) 


Monday, March 13 
Untversiry or Loypoy (in the Anatomy Theatre, University 
College, Gower Street, London, W.C.1), at 5.30 p. .m.—Prof. B. Rensch : 
“The Non-Specificity ‘of Nervous Conduction”. 
INSTITUTION OF KELgcTRIcAL ENatveses, LONDON STUDENTS’ 
Seortton (at Savoy Place, Victoria Em>bankment, London, W.C.2), 
at 7 p.m.—Mr, R. C. Orford : “The Blectronic Performance of Simple 


Mathematical 
Tuesday, March 14 


Barish Psyowo.oorcaL Socrsty, [ypusTaiaL Sszction (in Room 
105, London School of Hygiene and Tropical Medicine, Keppel Street, 
London, W.C C.1), at 1 | .m.—Annual General Meeting ; at 1.10 p.m.— 
Prof. P.'B. Vernon : alidation of the Civil Service Nelection Board”’. 

Bromeraic Socrety, Barrise Recon (joint meeting with the 
BIOLOGICAL MaTHops Group oF THE Society OF PUBLIC ANALYSTS 
AND OTHER ANALYTICAL CHEMISTS, at the Medical Society of London, 
Chandos Street, Cavendish Square, London, W.1), at 2.45 p.m.— 
Symposium on “The Design and Evaluation of ical Assays”. 

ZootocicaL Soctsty oF Lonpon (at the Zoo! Gardens, 
Regent’s Park, London, N.W.8), at 5 p.m.—Scientific Papers. 

ROYAL Socrety OF ARTS, DOMINIONS AND CoLonrgs SgorTion (at 
John Adam Street, Adelphi London, W.C.2), at 5.15 p.m. —Sir Harold 
Tempany: “Soil erosion 1 in the Colonial Empire”. 

INSTITUTION OF CHEMICAL ENGINEERS (at the Geological Society, 
Burlington House, Pi h 
Papers from Imperial and "Uni 
University of Birmingham. 

[INSTITUTION OF ELBOTRICAL ENGINEERS, MBASUREMENTS SECTION 
(at Savoy Place, Victoria Embankment, London, W.C.2), at 5.30 
p.m.—Dr. A. Porter and Mr. F. W. Stoneman: “A New Approach 
to the Design of Pulse-Monitored Servo Systems’’. 

LNSTITUTION OF OFFICE MANAGERS, | BRANCH mt aed 
Exchange Hotel, Liverpool), at 6.30 p. ‘m.—Mr. J. W. Hendry : 

Study as an Aid to Productivity”’. 

MANOHESTER GeOGRAPHICAL SocrgTy (at the hical Hall, 
16 St. Mary’s Parsonage, yy at 6. 30 p.m.—Prof. E. G. Bowen: 

‘Highland Britain in the Dark 

SocrgsTY OF CHEMICAL bo ache ag PLASTIcs AND POLYMER GROUP 
(at the Royal Society of Tro Medicine, Manson House, 26 Port- 
land Place, London, W.1), at 6.30 p.m.—Mr. A. R. Burgess: ““Degrada- 
tion and Weathering of Plastics and Rubbers” 

BRITISH ESPERANTIST SCIENTIFIC ASSOCIATION (in the Electrical 
Lecture Room, University Gower Street, London, W.C.1), at 
7 p.m.—Dr. J. B. Holmstrom: nternationalisation of Subject Index 
Heads’’ (in English) 

INSTITUTION OF OFFICE MANAGERS, WeST MIDLAND BRanon (at 
the Grand Hotel, Birmingham), at 7 p-m.—Mr. F. Galloway : 

‘Production Engineering h A tion and your Production 
Problems” 





Wednesday, March I5 

Royal Society or Arts (at John Adam Street, Adelphi, London, 
W.C.2), at 2.30 p.m.—Sir Harold West: “The Thorncliffe Experiment 
in Employee Relationships”. 

INsTrTUTION OF ELECTRICAL ENGINEERS, RADIO SsgcTion (at 
Savoy Place, Victoria Embankment, London, W.C.2), at 5.30 p.m.— 
Prof. Willis Jackson: “The Structure, ri rties aad 
Applications of the Barium-Titanate Class of Ceramic Materials 

ROYAL MicroscorprcaL Society (in the Hastings Hall BM. A. 
House, Tavistock Square, London, W.C.1), at ‘2 r. G. H. 
Bourne : “Golgi Apparatus and Mitochondria and Significance in 

Cellular Physiology’. 

Barrise INSTITUTION OF 
Suction (at Neville Hall, W 
at 6 p.m.—Dr. Prowse: “Elect 
High Frequencies”. 

INSTITUTION OF ELECTRICAL ENGINEERS, M@RSEY AND Norra 
WALES CeyTre (joint meeting with the LIVERPOOL ENGINEERING 
Socrsty, at The Temple, Dale Street, Liverpool), at 6 p.m.—Prof. 
J. M. Meek: “The Nature of the Electric Spark”. 

MANCHESTER METALLURGICAL Socrety (joint meeting with the 
[NSTITUTE OF M&TALS, at the Engineers’ Club Albert Squar:, Man- 
chester), at 6.30 p.m.—Dr. U. R. Evans, F.R. S.: “Modern Views of 
the Corrosion of Metals”. 

Thursday, March 16 

Royal Society (at Burlington House, Piccadilly, London, W.1), 
at 11 a.m.—Discussion of “The Measurement of Growth and Form” 
(to be opened by Prof. 8. Zuckerman, F.R.S.). 

CugmicaL Society, LIvERPOOL Sgotron (in the Chemistry Lecture 
Theatre, The University, Liverpool), at 4.30 p.m.—Prof. B. K. Rideal, 
F.R.S.: “Heterogeneous Catalysis’. 

SoctETY FOR THE PRESERVATION OF = FAUNA OF THE EMPIRE 
(at the Zoological Society of London, Zoo! Gardens, Regent’s 
Park, London, N.W.8), at 4.30 p.m.—Major C. C. Wilson: ’'A Travel- 
ygue of the Indian Jungle, mainly concerned with Capturing and 
Training Wild Elephants. 

[INSTITUTION OF MINING AND MBeTALLURGY (at the Geological 
Society of London, Burlington House, Piccadilly, London, W.1), 
at 5 p.m.—Dr. W. Evans: “The Hollow Chacge Effect” ; Mr. 
Norman Hedley: “Polyphosphates in Cyanidation”. 

CHEMICAL —oaeeE, SHEFFIELD Section (joint. meeting with the 
Untversiry Cuemicat Socrety, in the Chemistry Lecture Theatre, 
The University, Sheffield), at 5.30 p.m.—Prof. BE. BR. H. Jones: 

‘Recent Developments in "Acetylene Chemistry”’. 


RADIO ENGINEERS, NoRrTd-EASTERN 
. Newcastle- -upon-Tyne), 
Breakdown of Gases at Ultra 


NATURE 


March I|1, 1950 vol. 16s 


(CAL SOOCIBTY, ACOUSTICS bn ge in the Henry Jarvis .. 
Royal Institute of ‘Britiohn “Avent 08 Portland ‘Plass to alee 


W.1), at 5.30 p.m.—Third Ra I General Mocting at nae a 
Mr. P. H. Parkin: * “The Transmission i in pea : 


UNIVERSITY OF LONDON (at King’s College, Stra 
at 5.30 p.m.—Prof. B. (Bo! ): 
on Algebraic Varieties”.* ( 

CHEMICAL Socrgty (at Puliegien House, Piccadilly, 
at 7.15 p.m.—Scientific Pape 

CuEmicaL Society, aeeseencn 9 ( 
ROYAL INSTITUTE OF CHEMISTRY 
LyDUSTRY, in the North British Station Hotel, Edi: ), at 7.307 

p.m.— M. Ritchie: “Some Aspects of Photo-o n with” 
iedeeenee ‘to Chlorophyll”. 

BRITISH INSTITUTE OF RADIOLOGY (at 32 ones Street, London, 
W.1), at 8.15 p.m.—‘“Megavoltage X-Rays’ 


Friday, March 17 


CHEMICAL Society, BIRMINGHAM Sucmes i the Mai 
Lecture Ly The University, a. at 4. 
p.m.—Prof, E. K. Rideal, F.R.8.: “How Crystals @ 

SOCIETY OF “PUBLIC ANALYSTS AND OTHER wr we Cumarsts 
(at the Royal Society, Burli n — Piccadilly, London, W. Ds 
at 4.30 p.m.—Annual Gen Sir John Y pussell, PR 
The Bernard Dyer Memorial  —— 

University or Lonpon (at the Institute oe! Ro — 5 Inner} 
Circle, Regent's Park, London, N. sf 1), at 5.30 —Prof. R. Pittiono 
(Vienna): ‘Prehistoric Mining in Austria— ms and Facts”. 
(Further Lectures on March 20 and 21.) 

BRITISH INSTITUTE OF Rapengoer mes mating with the INSTITUTE 
or PuHysics, at 32 Welbeck 5 London, 1), at 6.30 p.m.— 
Symposium on “Biological Eifects "of Non-Ionizing 
particular reference to Micro-Waves’’. 

LNSTITUTS OF Paysics, + AND District BRANOS (in the 
New Physics Theatre, The University, Manchester), at 7 p.m.—Prof. 
W. Sucksmith, F.R.S.: “The Determination of Phase Boundaries by 
Magnetic Methods”. 


nt meeting with the” 
OF CHEMIC 


Main Chemis 


ms with 


Saturday, March !8 
INSTITUTION OF a Colles == NORTH-WESTERN BRaNcH 


Technology ee. 1 3 Da 
Cnet Producto Tech 


(in the Reynolds Hall, 
-Dr. M. Ruhemann: 


APPOINTMENTS VACANT 


APPLICATIONS are invited for the following appointments on or 
before the dates mentioned : 

GRaDvuaTs (male, Scientific Officer grade) Ix = ANIMAL Hos- 
BANDRY DEPARTMENT (duties wil include studies production 
= gues herbage and of its utilization under expertnental and 
<j diti —The S$ y, Hannah Dairy Research Institute, 
fuk Ayr (Manch 18). 
LROTURER 1 Is CHEMIST2Y—The Principal and Clerk to the Governing 

m and District Mining and Technical College, Wigan 


MBDICAL STATISTICIAN in the General Register Office—The Secretary, 
Civil Service Commission, 6 Burlington Gardens, London, W.!, 
quoting No. 2968 (March 18). 

SENIOR ASSISTANT responsible to the Principal for oe 
part-time Day and Evening Courses in , Dhysics a: related 
subjects, and a TEACHER OF BUILDING SCIENCE who iy fer physics 
and chemistry for si the and ey full-time and part-time 


Commerce a “Fectnaleay— 

a park Shotheld 1 1 (March 15). 
mineral nutrition of 
roo Fone of Agriculture, 


PEUTICS—The Secre- 








CHEMIST to. join Plant | 
plants in relati es 
( ambridge (March 3 
LECTURER (Grade D ‘Ly EXPERIMENTAL THERA 
tary, The University, Birmi. 3 (March 31). 


and 
disease, at the Nuffield Laboratory of 
e Hospital, Oxford—The Registrar, University 


h 31). 
Colonial tural Service, 
ya—The Director of Recruitment, Colon! Office, Sanctuary 
Balltinge Great Smith Street, London, 8.W.1. 
DIRRCTOR OF ENGINEERING SERVICES—The Ministry of Supply, 
Botton of Atomic Energy (Production), Risley, near Warrington, 


Drragotor (Senior Principal Scientific Officer grade) oF Fist 
CULTURE apeaace ee TRAINING InstrroTs, Penang—The Under 
Sacretary of Sta’ lonial Office, hb Department, Sanctuary 
Buildings, Great ith Street, London, 8.W.1. 

mt on the 
n Research 





GRADUATE CHEMIST (young) | for research and develo 
electro-deposition of metals and alloys—The Director, 
—-. + , Periv: 2 eS ee nal 

BCTURER IN MBTALLURGY— Princi Borough Polytec 
Borough Road, London. 8.E.1 
ASSISTANT Wouxs MANAGERS at o Wistae Works, Sellafield, 
Cumberland, to be r for @.' the 
operation of a large enteal ok dase mate: 
® the operation of nuclear gies, 
nhurst Factory, near Chester, to be responsible under the Works 
ef Engineer for the operation and maintenance of all electronic 
oad industrial instruments in the Production The Ministry of 
Supply, Division of Atomic Energy (Production), y, Warrington, 
ances 

MAINTENANCE ENGINEER at Windscale Wi ay 
land, to undertake the maintenance of a 
nuclear piles and — chemical] plant— 

Division of Atomic Energy (Production), Risley, W 











